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LETTER OF TRANSMITTAL 





Sacrasontay Lyerrroron, 
Washington, December 10, 1942. 
To the Congress of the United States: 

In accordance with section 5593 of the Revised Statutes of the 
United States, I have the honor, in behalf of the Board of Regents, 
to submit to Congress the annual report of the operations, expendi- 
tures, and conditions of the Smithsonian Institution for the year 
ended June 30,1942. I have the honor to be, 

Very respectfully, your obedient servant, 
C. G, Asnor, Secretary. 
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REPORT OF THE SECRETARY OF THE 
SMITHSONIAN INSTITUTION 


C. G. ABBOT 
FOR THE YEAR ENDED JUNE 30, 1942 


lo the Board of Regenis of tha Smithsonian Institution. 

GavtizMEN: I have the honor to submit herewith my report shaw- 
ing the activities and condition of the Smithsonian Institution and the 
Government bureaus under its administrative charge during the fiscal 
year ended June 30, 1942. The first 23 pages contain a summary 
account of the affairs of the Institution, and appendixes I to 11 
give more detuiled reports of the operations of the National Museum, 
the National Gallery of Art, the National Collection of Fine Arta, the 
Freer Gallery of Art, the Bureau of American Ethnology, the Inter- 
national Exchanges, the National Zoological Park, the Astrophysical 
Observatory, which now includes the Division of Radiation and 
Organisms, tho Smithsonian library, and of the publications issued 
under the direction of the Institution. On page #9 is the financial 
report of the executive committes of the Board of Regents, 


In my last report I stated that in the fiscal year 1941 the Smithson- 
inn had been assigned several problems connected with national 
defense and stood ready to devote all its resources to such work when 
called upon, After Pearl Harbor, calls upon. the Institution for 
special information relating to the war increased rapidly, and early in 
1042 I appointed a War Committee for the purpose of exploiting 
every facility of the Institution in aiding the war effort. Such a 
highly specialized organization as the Smithsonian obviously can only 
undertake those things which its stuff is trained and equipped to do, 
but the exploratory investigations of the War Committee revealed 
a surprisingly wide range of activities in which the Institution could 
engage that are directly or indirectly of real service in the war effort. 

For some organizations whose normal activities are in fields directly 
applicable to war work, such for example as those concerned with 
strategic materials or those with large physical laboratories, the prob- 
lem of going over to a war footing is solved for them. For such 
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establishments as the Smithsonian, with its: normal functions of 
research, chiefly in the natural sciences, publication of results of scien- 
tific researches, museum and art gallery exhibition, and international 
exchange of literature, the problem is not so simple. Every member 
of the staff desires earnestly to do his utmost to aid in the war effort, 
but in many imstances, as the following summary of Smithsonian 
war activities shows, the only possible way of putting the desire into 
effect. is connected only indirectly with war work. Nevertheless, 
work such as that which the Smithsonian is qualified to perform will, 
I believe, be seen to fill a definite place in the Nuation’s all-out war 
effort, 

The membership of the War Committee is as follows: C. W. Mit- 
man, engineer, chairman: L. B. Aldrich, physiciet; W. N. Fenton, 
ethnologist; Herbert Friedmann, biologist; and W. P. 'True, chief, 
editorial division. For several weeks the committee mel every day 
1m the effort to speed wp the diversion of a8 munch as possible of the 
Institution’s work into war channels. Several questionnaires were 
eent to the staff asking for suggestions and detailed information aa 
to the qualifications, travel, and special knowledge of each member, 
With these data before them, the committee began to make recom- 
mendations, most of which I approved and put into effect. Those 
projects which had been initiated up to June 30, 1942, are as. follows: 

1, The Institution has prepared a detailed roster of the scientific 
staff totaling nearly 100 scientists, listing their geographic and special- 
ized knowledg». Some of this knowledge has proved to be readily 
available nowhere else, and the roster hns been extensively used in 
connection with inquiries from war agencies. 

2. A record of requests from war agencies for specific informa- 
tion from individual ctaff members shows a total of 460 such received 
since Pearl Harbor. Fifty percent came directly from the War ond 
Navy Departments, the rest from 25 different other war agencies. 
In chort, the Smithsonian is serving as an important source of tech- 
nical and geographic information. 

3, The Smithsonian, together with the National Research Council, 
the American Council of Learned Societies, and the Social Selanoe 
Research Council, has actively participated in the setting up of the 
Ethnogeographic Board. The Institution furnishes financial sup- 
port and facilities, and serves as the headquarters for the Board, 
whose purpose is to provide a central clearinghouse for nfarniktion 
to Army and Navy Intelligence and other war agencies in the fields 
of geography, languages, and social sciences, Dr. William Dunean 
Strong, formerly of the Bureau of American Ethnology and now a 
member of the staff of Columbia University, was appointed director 
of the Board. Members of the staff of the Institution are cooperat- 
ing closely in the work. 
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4. The Smithsonian has thousands of published and unpublished 
photographs taken by its scientists in all parts of the world, inclnd- 
ing many out-of-the-way places not commonly photographed. An 
index is being compiled of the published material, and members of 
the staff have put their photographic files in shape for ready con- 
sultation by war agencies. Many of its photographs have already 
been so consulted, 4 

5, In the very important field of Latin American cooperation, the 
Institution has undertaken two large-scale scientific projects. One 
is a Handbook of the Indians of South America, under the editorship 
of Dr. Julian H. Steward, of the Bureau of American Ethnology. 
The various articles will be contributed by both Latin American and 
North American anthropologists, This will be published under the 
auspices of the Institution, The other is a list of the insects of 
South and Central America, a much-needed tool for all future en- 
tomological work in thos areas. The completed list, which is esti- 
mated to make more than a thousnnd pages of print, will also appear 
asa Smithsonian publication. 

6. Approximately 10 percent of the sviontific staff are engaged in 
full-time war: projects assigned to them by the Army, Navy, or 
other war agencies. ‘This work is being done either at the Institution 
or through transfer of personnel to the agency requesting the work. 
All the rest of the staff members devote o portion of their time to 
work related directly or indirectly to the war, the actual amount of 
time depending on the extent to which their special knowledge is 
needed hy war agencies. 

7. In the line of its normal function of diffusion of knowledge, the 
Institution bas initiated several wartime projects. A new series of 
pamphlets entitled “War Background Studies” and a series of news 
releases headed “War Background Data” have as their purpose the 
increasing of popular understanding of the various regions and peo- 
ples involved in the world conflict. In the Smithsonian's radio pro- 
gram, “The World Is Yours,” four broadcasts were given ona Nation- 
wide network comprising ® series on the peoples of the United Na- 
tions. Several special war exhibits were shown in the Smithsonian 
and Museum buildings and others are definitely planned. A series 
of special lectures on war topies has boen arranged, and at the close 
of the fiscal year ite beginning awaited only the installation of new 
projection equipment in the Museum auditorium, A set of six poat- 
cards illustrating Museum exhibits was printed for free distribution 
to service men; in conjunction with these, writing counters and a mail 
box were installed at the entrance to the Arte and Industries Build- 
ing where men in uniform write and mail the cards. Thousands of 
sets had been given out at the close of the year, and this service 
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buildings are now 
open all day Sunday for the benefit of service men and war workers. 
8, The War Committee and officials of the Institution have estab- 
lished definite contacts with the War and Navy Departments and 
other war agencies; through these contacts continual efforts are being 
made to channel more war-time researches and other suitable activities 
to the Institution. 
The War Committee will continue to function for the duration. 
ENDING OF WRIGHTSMITHSONIAN OONTROVERSY 
By anticipation, I report with great relief and peculiar satisfaction 
the ending of the long controversy between Dr. Orville Wright and 
the Smithsonian Institution. Negotiations, in which Colonel Lind- 
bergh and others had taken part, had proceeded intermittently be- 
tween the Seeretary and Dr. Wright since 1928. Since June 142, in 
part with the mediation of Fred C. Kolly, an active interchange of 
communications has goneon. Tt resulted in a statement neceptable 
to Dr. Wright which was published by the Institution in its Mis- 
cellaneons Collections, yolume 103, No. 8, October 24, 1949. This 
etatement, which speaks for itself, it is intended to republish as the 
first article of the Appendix to the Smithsonian Report for 1949. Tn 
his letter of October 17, 1942, Dr, Wright says: “I hope the relations 
between the Institution and myself may again be as amicable as they 
were in Dr, Langley's administration,” 


SUMMARY OF THE YHAR'S ACTIVITIES OF THE BRANCHES OF 

National Musoum.—Accessions for the year totaled 254,582 speci- 
mens, bringing the number of catalog entries in all departments to 
17,578,240, Among the outstanding accessions may be mentioned the 
following: In anthropology, 200 artifacts from the old Indian village 
site of Potawomeks, Stafford County, Va.; cult objects from voodoo 
shrines in Haiti, and weapons of the Moro of Mindanao, P. L; in 
biology, 30 Antarctic seals, 54 Manchurian mammals, 1.845 birde from 
Colombia collected by Dr. Alexander Wetmore and M. A. Carriker, 
Jr., 14219 fishes from the area between Peru and Alaska received 
from the United States Fish and Wildlife Service, a collection of 
25,000 specimens of Hemiptera received from W. I. McAtee, 7,000 





Chapin, and 2,169 specimens of plants of Colombia received in con- 
tinnation of exchanges from the Instituto de Ciencias Naturales, 
Bogota, Colombia; in geology, a large squamarine from Agua Preta, 
Minas Geraes, Brazil, purchased from the Roebling fund, a 2,090- 
gram specimen of the Rose City, Mich., stony meteorite presented by 
Dr, Stuart H. Perry, 4 tons of limestones blocks of benutifully pre- 
served silicified Permian fossils collected in ‘Texas by Dr, G. A. 


specimens, mostly termites, collected in Jamaica by Dr. Edward A. 
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Cooper, and 8,000 Cambrian and Devonian fossils collected by Dr. C. 
E. Resser in Montana, Utah, and the Canadian Rockies; in engin¢er- 
ing and industries, x number of models of historic nircraft, an example 
of the Allison liquid-cooled aircraft engine, type V-1710-C, a jeep 
lent by the War Department, the first Emerson iron lung completed 
in 1931, and a collection of 183 Currier and Ives prints given by Miss 
Adele S. Colgate, Although field expeditions were greatly curtailed 
because of war conditions, those to which the Museum was previously 
ormmitted were carried through with valuable results in specimens 
and new information. Visitors to the Museum numbered 2,042,517. 
Although this was nearly half a million Jess than in the previous 
year, nevertheless the decrease was less than had been anticipated in 
view of restrictions on automobile travel. ‘The Museum issued 44 
publications and distributed 62,545 copics during the year. Fifteen 
special exhibits were held in the Museum under the suspices of 
the staff may be mentioned the retirement, after nearly 39 years of 
service, of Dr. Ale’ Hrdlitke us curator of the division of physical 
anthropology; Dr, T. Dale Stewart, associate curator of the division, 
was promoted to the curatorship to succeed him, 

Wational Gallery of Art—The total attendance at the Gallery for 
the first full year of its operation was 2,005,523, a daily average of 
over 5,500 visitors. In June the Gallery began a series of Sunday 
evening openings for the benefit of service men and war workers, 
Concerts and special lectures featured these Sunday openings, which 
proved so successful that it was decided to continue them indefinite. 
ly. Publications available to the public. are a general information 
bonklet, a catalog of the paintings and sculpture, a book of illustra- 
tions of all the works of art in the Gallery, color reproductions, and 
posteards, Since Pearl Harbor the Gallery has been blacked out 
nightly, and frequent air-raid drills have been held. A limited 
number of the most fragile and irreplaceable works of art have been 





prints, paintings, and sculpture were accepted from eight different 
donors, and a number of important loans were received. Seven 
special exhibitions were held at the Gallery, inéluding one of draw- 
ings of war-time London, another of the art of Australia, and one 
of 11 portrait busts of the Presidents of the Kepublies of South 
America, by Jo Davidson, The Gallery's educational program in- 
cluded Gallery tours of the collection conducted twice daily; a series 
of 34 special lectures, one given each Saturday afternoon from Octo- 
ber to April, and Gallery talks ond other lectures dealing with a 
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pecific school or specific works of art. Beginning in December, 
special tours for of the armed forces were arranged for 
Saturday afternoons. 

National Collection of Fine Arts—The necessary plans were made 
during the year for the protection and evacuation of works of art 
in the National Collection, Four oil paintings and a number of 
other works of art were wccepted for the collection by the Smith- 
conian Art Commission. Three miniatures were acquired through 
ihe Catherine Walden Myer fund. Eight special exhibitions were 
held as follows: Miniatures lent by Count and Countess Bohdan de 
Castellane; oils and water colors by Roy M. Mason, N. A.; oils, 
prints, and drawings by Antonio Rodriguez Luna, of Mexico; jade 
lent by Georges Estoppey; paintings on metal and prints by Buell 
Mullen; oils, water colors, and prints by members of the Landseape 
Club of Washington, D. C.; plaster busts by Marina Nuiez del 
Prado, of Bolivia; oi) paintings, pencil drawings, lithographs, and 
wuter colors by Tgnacie Aguirre, of Mexico. 

Freer Gallery of Art—Additions to the collections included Per- 
sian and Syrian brass; Chinese bronze; Chinese jade; Arabic man- 
useript; Arabic, Chinese, and Persian painting; Arabic, Mespo- 
tamian, Persian, and Syro-Egyptian pottery. The regular work of 
the curatorial staff was devoted to the study and recording of these 
new wcquisitions und other art objects already i the collection. In 
addition, 770 objects and 936 photographs of objects were submitted 
to the Director by their owners for information as to identity, prov- 
enance, quality, date, or inscriptions, Besides this usual work, the 
staff devoted much of its time during the winter and spring to work 
connected with the war. The total number of visitors to the Gallery 
for the year was 87,890. A number of groups were given docent 
service in the exhibition galleries and study rooms, Carl Whiting 
Bishop associate in archeology, a member of the Gallery staff since 
1922, died on June 16, 1942. From 1923 to 1927, and from 120 to 
1934, Mr. Bishop was in charge of the Freer Gallery field work in 
Chins. He published numerous articles on Chinese archeology in 
various journals und was widely known as an authority on the 
earlier phases of Chinese culture. 

Bureau of American Ethnology—The time of the members of the 
Rureau’s scientific staff has been devoted more and more to-activities 
concerned with the war effort. Their specialized geographical, 
racial, and linguistic knowledge has been in constant demand by the 
Army, Navy, and other war agencies, and certain staff members 
have cooperated closely with the Ethnogeographic Board, an agency 
that acts as a clearinghouse for anthropological, geographical, and 
related information needed in the war effort. As time permitted, 
the Burean continued its normal work of studying the American 
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Indian. M. W. Stirling, Chief of the Bureau, spent 2 months in 
Mexico in continuation of the Smithsonian Inetitntion-National 
Geographic Society archeological project in that country. Dr. John 
R. Swanton continued work on a study of the language of the 
Timucua Indians of Florida and on the revision of a large genoral 
paper on the Indinns of North Ameren. Dr. John P. Harrington 
carried forward work on two problems involving linguistic studies 
of Aleut, the language of the islands between Asia and America, and 
of Athapasean, the language of the northern Rockies, of a large 
part of the Pacific coast, and of the southern deserts. Dr, Frank HL. 
H. Roberts, Jr., conducted archeological excavations at a site near 
San Jon, N. Mex., uncovering an interesting sequence of projectile 
points and other artifnet types and obtaining new information on 
aboriginal occupation of that area. Just before the close of the 
year Dr, Roberts went to Newcastle, Wyo., lo inspect a promising 
archeological site. Dr, Julinn H. Steward continued his work as 
editor of the Handbook of South American Indians, in the course 
of which he visited Brazil, Argentina, Paraguay, and Chile far con- 
ferences with Latin-American anthropologists: Dr. Henry TG, Col- 
lins, Jr., continued the study of archeological materials from pro- 
liistoric Eskimo village sites nround Bering Strait. Dr. W. N. Fen- 
ton carried on several investigations relating to the Iroquois Indians. 
Dr. Philip Drucker mode an analysis of the pottery collections made 
in Mexico in 1941 by the Smithsonian Institution-National Geo- 
graphic Society expedition. In continuation of the work of this ox- 
pedition he went in January 1042 to a site at La Venta, in north- 
west Tabasco, where excavations resulted in a number of tite esting 
diseoveries, Miss Frances Densmore, a collaborator of the Bureau, 
recorded Omaha songs at Macy, Nebr. The Bureau published its 
Annual Report and three Bulletins. The library aceessioned 350 
items; the reclassification of the library was practically coniploted 
during the year. 

International Ewchanges—The Exchange Service acts as the 
official United States agency for the interchange of parlinmentary, 
governmental, and scientific publications between this. country and 
the rest of the world. The Servieo handled during the year 561,151 
packages of publientions weighing 326406 pounds. As would be ox- 
pected, the work of the Exchange Service wae greatly hampered by 
ihe war. In the Eastern Hemisphere only Great Britain and the 
Union of South Africa continued to receive shipments from this 
country. In the Western Hemisphere, where all packages are sent 
by mail, there was no interruption to the sending of 
although censorship caused some delay. In April 142 the sanding 
of the Congressional Record to foreign countries through the Ex- 
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pyr ta np ater cesppebamamat duration at the request of 
the Office of Censors! 

National Zoological Parke —Although war conditions reduced the 
number of out-of-town visitors to the Zoo, more people from nearby 
areas came by bus and streetcar and on foot, bringing the total st 
tendance for the year to 2,523,300, or sightly more than the number 
for the previous year. A congiderable proportion of the attendance 
was made up of men in the armed services, many of them enjoying 
their first oportunity of visiting  Jarge zoo. As usual, » large num- 
ber of gifts of animals came to the Park, and there were 65 mammals 
born, 40 birds hatched, nnd 2 reptiles born during the year. Deaths 
included a sulphur-crested cockatoo that had been in the Zoo for 52 
years, and the American bald eagle “Jerry,” u Zoo resident for 26 
years. The epidemic of psittacosis that caused serious losses of 
birds and caused the closing of the bird house to the public for 3 
months, as noted in last year’s report, was finally subdued through 
the cooperation of the United States Public Health Service and the 
District of Columbian Health Department. Many of the poisonous 
reptiles have been removed fram the Zoo, leaving so few that they 
could be quickly disposed of in an emergency, At the close of the 
year, the collection contained a total of 2,411 animals, representing 
722 different species. 

Astrophysical Observatory—The most important event of the 
year was the publication of volume 6 of the Annals of the Observa- 
tory, which covers ite operations from 1920 to 1989. Besides de- 
scribing in detail the principal research on the variation of the sun's 
radiation, the volume is the culmination of several years’ work de- 
voted to tevising the daily results of observation of the solar con- 
stant of radiation st the three field observing stations at Montezuma, 
Chile, Table Mountain, Calif., and Mount St. Katherine, Egypt, 
from 1923 to 1939. The values published cloarly indicate the vari- 
ation of the sun between extreme Tanges up to about $ percent for 
the period covered. The variation is shown to be composed of 14 
periodicities ranging from 8 months to 273 months. Each of these 
periods is reflected in terrestrial temperature and precipitation as 
recorded by official weather services. Another important event was 
the incorporation as a branch of the Observatory of the Smithson- 
ian Division of Radiation and Organisms, hitherto supported by 
private funds. Considerable confide: tial work for military purposes 
was done in the Observatory’s instrument shop under the care of 
the Director. Because of the discovery that the percentage varin- 
tions of the intensity of eun’s rays is 6 times as great for ultraviolet 
rays es for the total of all wave lJencths, apparatus was prepared in 
the instrument shop for restricting the determinations of solar varia- 
tions to the spectral mgions of the green, blue, violet, and ultraviolet 
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rays. This apparatus has been installed at all three field stations 
Also prepared in the instrument shop were three copies of a sky 
polarization device invented by the late Prof. E. ©, Pickering. It 
is believed that the use of this device at the observing stations will 
obviate the unsatisfactory results brought about by certain types of 
sky conditions. Solar-observations on all favorable days have been 
continued at the three present field stations at Table Mountain, 
Calif., Burro Mountain, N. Mex., and Montezuma, Chile. 

Dietston of Radiation and Orgonisma—On July: 1, 1941, the Divi- 
sion became a branch of the Astrophysical Observatory and received 
Congressional appropriation for the support of its researches. Mem- 
bers of its staff were given Civil Service status, The present 
research work of the Division comes under three headings: Photo- 
synthesis, plant growth and radiation, and development of 
apparatus and methods, Experimenta were continued on the factors 
that influence the change in rutes of respiration in plants, which led 
to speculation on the possibiliry of the existence of a carbon dioxide 
reservoir connected with the cell mechanism. There is evidence also 
that the humidity of the air plays.an important role in this gaseous 
exchange, The study of the relationship between light intensity and 
inhibition of growth of the oata mesocotyl was extended to higher 
intensities. Work is in progress on the isolation and separation of 
two pigments indicated to occur in dark-prown oat seedlings, Pre- 
vious work in the Division had shown that illamination increases the 
rate of enrbon dioxide production by etiolated barley seedlings. Ap- 
paratus was aseembled and preliminary experiments were begun to 
study the influence of radiation on the respiration of other types of 
Plants. (Since October 1942 the Division has done war work only.) 


THE ESTABLISHMENT 


The Smithsonian Institution was created by act of Congress in 
1846, according to the terms of the will of James Smithson, of 
England, who in 1826 bequeathed his property to the United States 
of America “to found at Washington, under the name of the Smith- 
sonian Institution, an establishment for the increase and diffusion of 
knowledge among men.” In receiving the property and scorn 
the trust, Congress determined that the Federal Goverr 
without authority to administer the trust directly, and, therefore, 
constituted an “establishment” whose statutory members are “the 
President, the Vice President, the Chief Justice, and the heads of 
the executive departments.” 


THE BOARD OF REGENTS 


Changes in the Board of Regents during the fiseal year included 
the election at the Board meeting on January 16, 1442, of Chief 
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Justice Harlan F. Stone as Chancellor of Institution, to eucceed 
former Chief Justice Charles E. Hughes, and the appointment by 
Joint Resolution of Congress approved August 21, 11, of the 
Honorable Frederic C. Walcott, a citizen of Connecticut, to succeed 
the late R. Walton Moore, By Joint Resolution of Congress approved 
August 21,1041, Frederic A. Delano, of the city of Washington, D. C,, 
was reappointed to succeed himself for the statutory term of 6 years. 

The roll of regents al the close of the fiscal year was as follows: 
Harlan F. Stone, Chief Justice of the United States, Chancellor; 
Henry A. Wallace, Vice President of the United States; members 
from the Senute—Charles L. McNary, Alben W, Barkley, Bennett 
Champ Clark;members from the House of Kepresentatives— 
@larence Cannon,. William P. Cole, Jr., Foster Stearns; citizen 
members—Frederic A. Delano, Washington, D. C.; Roland S. Mor- 
ris, Pennsylvania; Harvey N. Davis, New Jersey; Arthur H. Comp- 
ton, Illinois; Vannevar Bush, Washington, D. C.; and Frederic C. 
Walcott, Connecticut. | 

Proceedings —Thw annual meeting of the Board of Regents was 
held on January 16, 1942. The regents present were Chief Justice 
Harlan F. Stone, Chancellor; Vice President Henry A. Wallace; 
Representatives Clarence Cannon, William P, Cole, Jr., and Foster 
Stearns; citizen regents Frederic A. Deluno, Roland 5. Morris, Harvey 
N, Davis, Vannevar Bush, and Frederic C. Walcott; and the Secretary, 
Dr, Charles G. Abbot. 

The Board received and accepted the Secretary’s annual report 
covering the year’s activities of tho parent Institution and the sev- 
eral Government branches. The Board also received “and accepted 
the report by Mr. Delano, of the executive committee, covering 
financial statistics of the Institution; and the annual report of the 
Smithsonian Art Commission, 

In hia special report the Secretary outlined some of the more im- 
portant activities carried on by the Institution and the branches 
during the year. 





A statement on finances will be found in the report of the exec- 
utive committes of the Board of Regents, page 99. 
MATTERS OF GENERAL INTEREST 
SMITHSONIAN RADIO PROGRAM 


The educational radio program known as “The World Is Yours,” 
sponsored jointly by the Smithsonian Institution, the United States 
Office of Eduention, and the National Broadcasting Co., was. ter- 
minated with the broadcast of May 10, 1942, after nearly 6 years 
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of successfal operation. On the air every week almost without a 
break for more than 300 weeks, the series finally was brought to 
an end because of the urgent demand of war agencies for radio 
time. In expleining the necessity for closing the program, Thomas 
D. Rishworth, director of public service programs, Eastern Division, 
National Broadcasting Co., wrote to the Institution: 

E regret thot it was neerssary to concel “The World Is Yours” in view of 
ite long and enceessfnl history as one of onr oldest ednentional broadcasts 
* * © The war emergency hay brought upon radia many difficulties that 
were unforseen, not the jenat of which le the bmpossihility of expanding a 
wtrictly Uimited schenle to meet (he needa of all agencies involved In the war 
effort * * * J believe everyone will agree that through “The World. Is 
Yours” you have made a unique contribution to the development of the edven- 
Honal significance of radio in terms that were Interesting to a~ll types of 
Listeners. 

“The World Is Yours,” « half-hour dramatized program, first went 
on the sir on June 7,1936, and almost every week since that time it has 
presented over a Nation-wide National Brondensting Company net- 
work some phase of science, invention, history, and art. The series from 
the beginning strack a responsive chord in radio listeners throughout 
the country, Supplementary articles on the subjects discussed were 
offered to listeners, and many thousands of those who responded 
took occasion to express enthusiastic commendation of the program. 
Tt was made very evident that the American public is keenly inter- 
ested in seience, history, and related fields if the subjects are brought 
alive by dramatization and if excessive technicality is avoided. 

Radio proved to be an ideal aid in achieving a principal goal of 
the Institution, namely, the diffusion of knowledge. For this rea- 
son it was with great. regret that “Tho World Is Yours” was brought 
fo an end as one of the sacrifices that have to be made when the 
country is at war, | 

The subjects presented during the year up to the close of the series 
on May 10 were as follows: 

to 
Thomas Jefferson... July 
Builders of Amerionn Aircraft... 0. July 
Pirates of the Deep... 222.2. July 
Ae Pega ee i July 
Morbert Ward. Att. 
Our Nearest Neighbor in Space... A, 
Jobin -Ertesannt <2 Se eee 
Chemistry—and American Independenre 0. Ane 


The Norsemon in Greenland... 2-2. _--- Aug. 
Gilbert: Stuart... 2... cies Bap 
Cave and Clif Dwellers. .............. -<+-= Sopt, 


= 
| im 
Be eases east. 


Pompeii Lives Again... . Sept. 
Historical Gems... .-.— +... - =. - — 45.5 2 Eept 
' Became of National Broodcasting Co. commilmetta, oo programa were given on Norember 
16, 2041, and January 11, Febeunry T2, Mereh 15, and April 12, 164m 
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Industry Calla on Physics... —. Se were Prvsves: bat res ou. 5 
Battal Blaha oa Sse ee cai ieee dentetisesnsnd* ee oe 
Treect Allies of Bian... ee -e--. Oct, 19 
South Sea lslanders.._..........--.---,----<;------~ Of BB 
The Story of Wheat... 2.00... ..... a es ee es Se 
Unaung Amorican pe ae Nov. @ 
Arctie Exploram............_......--1....-..---.-. Nov. 2 
Hunting in Colonial Times.......................... Nov. 3 
Ancient Carthage —_.___. __. -_..._._............. Den, 7 
Miracles of Modern Modigine_._.................... Den. 14 
A Great American Goologist........-... .2.......... Don. al 
Tid let that Flemle. i cate ee deccc ace cneees Doe. 2 
ime 
Our Expanding Knowlodge. ............. rid WIS -_Jon 64 
Forestaand the Wars... 2 4acessiieeenuns-. dans 16 


Stephen Deeatur—Naval Hero_..................... Jan, 
Zebulon Montgomery Pike........-.,........,-,-. Feb, 1 
Chemicals from the Afro. =... -..._-..-........_... Feb 8 
‘The Gasoline Fngine.......2........5.1.........i.. Feb, Ub 
am i a a eee SE 
The Saga of the Comstock Lode. opens seils ee ee ee 
Ths Fight on the Ariinres._.—. ae ees MURS) ee 


Bigelow and the Carpat Industry __.._................ Mar 20 
ccareaig emt phil Fall Si issn eee ee 


Whe Piticgihee si 04a. sitters as Mar 7 
a  peeeiaeeecees, PAV LU 


WALTER RATHEOSE BACON SCHOLARSHIP 


The Walter Rathbone Bacon scholarship of tha Smithsonian In- 
stitution for 141-1943 was awarded in July 1941 to Philip Hersh- 
kovitz, of the University of Michigan, for a study of the distribution 
of mammals in Colombia. On November §, 1941, Mr. Hershkovitz 
departed fram New York on the sonmahin Platono and atrived 
November 14 at Barranquilla, Colombia, where arrangements for 
field work were completed with the assistance of the Department of 
State through the Hon. Nelson BR. Park, the American coneul, 
After having obtained the necessary permits for travel and for the 
collecting of natural history specimens from the Governor of the 
Department of Atlintico, Mr. Hershkovitz was invited by Mr. 
Crump, owner of a ranch at Sabana Targa, to set up camp on his 
land. Collections were made in the northern portion of the Ciénagn 
de Guajaro near Arroya de Piedra and on Cerro de la Guayia from 
November 28 to December 18. Returning to Barranquilla, he ex- 
amined the Indian burial ground uncovered at the Soledad airport 
south of that city, and with the help of P, J. De Guerin, office 
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engineer of Avionea, a subsidiary of the Pan-American . 
exeavuted pottery and portions of human skeletons, 


i. 4 a i=] 


After some delay, Mr. Hershkovitz departed on J annary 3, 1942, 
from Barranquilla for Caracolicito, arriving there January 4 On 





invitation from the director, Sr, José L Martinez, Mr. Hershikoy ite 
made collections in the tropical forests surroandir g Colonia Agricola 

de Caracolicito from January # to March 16, From this region he | 
moved camp to Pueblo Bello (Pueblo Viejo Sur) on the southern, 
flank of the Sierra Nevada de Santa Marta, Department of Magda- 
lena, and worked there from April 19 to June 6. Aso result of cen- 
turies of deforesting, overgrazing, and burning by the Indians, the 
general appearance of this region is now that of # savanna with 

sinall stands of second-growth timber in the valleys and small patches 

of virgin forest on the inaccessilile parts of the hills Conseqnently, 

collecting did not produces as good results as had been anticipated. 

About the middlo of June, collecting was begun at El Salado, about 

halfway between Pueblo Bello and Valencia. 


ELEVENTH ARTHUR LECTURE 


The late James Arthur, of New York, in 1931 bequeathed to the 
Smithsonion Institution a sum of money, purt of the income from 
which should be used for an annual lecture on the en. a 

The eleventh Arthur lecture, under the titl “Tha Sun and the 
Earth's Magnetic Field,” was given by John A. Fleming, director, 
department of terrestrial magnetiam, Carnegie Institution of Wash- 
ington, in the auditorium of the National Museum on February 26, 
wan The lecture is published in full in the General Appendix to this 

The 10 previous Arthur lectures have been as follows: 


L The Composition of the Sun, by Houory Norris Rosecil, professor of as- 
(ronomy at Princeton University, January 27, 100. 

2 Gravitatln in the Solar System, by Ernest Wiitlim Erowt, profesor of 
mithematies at Yale University. Janvary 26, 1a. . 

& How the Sun Warne the Earth, ty Charles G. Abbot, Secretary of the 
Smithsonian Institution; February 26: 1934, 

4. The Sun's Pince among the Stara, by Walter & Adams, director of the 
Mount Wileon Observatory. Decomber 18, 104. 

5. Bun Rays and Plant Life, by Eart & Johnston, assistant director of the 
Division of Radiation and Orgunlans, Smithanlen Institution. Petruary 
=, Iii, 

G. Discoveries trom Selipee Expeditions, hy Samuel “Alfred Mitchell, director 
Of the Leanier McCormick Observatory, Unirerelty of Virginia, February 
th, RST. 

7. tes Suo and the Atmosphere, by Harlan Troo Stetson, meeearch sasoclate, 
Mossnchuectta Institute of Technology, February ‘4, 1038, 

8. Sun Worship, by Herbert J. Spinden, curator of American fnillan Art and 

Primitive Cultnres, Brooklyn Museuma February 21, 1039. 
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9. Solar Prominencesin Motion, by Robert BR. MeMath, director of the McMath- 
Hulbert Observatory of the University of Michigan. January 16, 1940, 
10, Blologiea! Effects of Solar Radiation on Higher Animals and Man, by Briaw 
O'Brien, profesor of Physiologiesn! Optics, Universality of Eochester 
February 25, Liki. 


EXPLORATIONS AND FIELD WOKE 


Explorations, often in out-of-the-way corners of the earth, have 
always formed a major part of the Institution’s program for the 
“increase ani) diffusion of knowledge.” Although world conditions 
during the past year have made it cither impracticable or undesir- 
able to send out many of the expeditions that normally would have 
taken the field, nevertheless, even under the present unfavorable con- 
ditions it was found possible to curry on some field work in connec. 
tion with researches previously commenced. 

In astrophysics, the Institution’s field observers carried on their 
study of the intensity of solar radiation at the three Smithsonian 
observing stations on Mount Montezuma, Chile, Tablo Mountain, 
Calif., and Burro Mountain, N, Mex. Observations were made on 
every suitable day throughout the year, and the resulta were trans- 
mitted to Wushington where they are used in investigations on the 
Variability of solar rndiation and on the relation between this varia- 
bility and the earth’s weather, 

In geology, Dr. W. FP’. Fosliag directed an expedition in eoopera- 
tion with the United States Gevlogical Survey with the purpose of 
studying certain strategic-mineral resources of Mexico. Dr, Charles 
FE. Resser continued his studies of Cambrian rocks from Montana 
into the Canadian Rockies, obtainmg much tew information and 
many desirable specimens pertaining to the anciont Cambrian period. 
Dr. G. Arthur Cooper made large collections of Carboniferous and 
Perminn fossils in Texas and Oklahoma, including much material 
hitherto lacking in the National Museum collectiona, A third ex- 
pedition to the Bridger Badlands of southwestern Wyoming in 
search of extinct vertebrate animale was directed by Dr. C. Lewis 
Gazin; many interesting exhibition and study specimens were 
brought back to the Museum, including a 1270-pound slob containing 
12 or 13 fossil turtles. , 

In biology, Dr. E. A. Chapin visited the island of Jamaica to con- 
tinue his studies of the insect fauna with special reference to the 
termites. Large collections of the plants of Cuba were made by C. 
V. Morton, who spent 2 months on the island in botanical field work 
accompanied by two Cuban Government botanists. 
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In anthropology, Dr. T. D. Stewart visited Peru to make a scien- 
tific examination of the skeletal remains exposed in the numerons 
ancient cemeteries of that country; he also gathered information on 
the skeletal collections in Peruvian museums, As an extension of 
Smithsonian cave explorations in the Big Bend region of Texas, 
Walter W. Taylor investigated eaves in the region of Citénegas, Co- 
shuila, Mexico, some 20 caves being excavated in the course of the 
work, Dr, Frank H. H. Roberts, Jr., conducted archeological j inves- 
tigations near the town of San Jon, eastern New Mexico, revealing 
four types of projectile points from four stratigraphic horizons, the 
oldest type in association with on extinct bison and with indications 
that it may be contemporaneous with the Folsom horizon, Dr. Wil- 
liam N. Fenton recorded Iroquois songs in New York State and 
Canada in cooperation with the Division of Music in the Library of 


Congress. 





PUBLICATIONS 


The publicati ions of the Institution and its branches, issued in several 
distinct series, constitute its chief means of accomplishing the “dif- 
fusion of knoweldyro." The Smithsonian Annual Report contains, 
in addition to the Secretary's administrative report, a general ap- 
pendix made up of selected nontechnical articles which together 
constitute a survey of the current state of knowledge in many fields 
of scientific investigation. The. series Smithsonian Miscellaneous 
Collections provides an outlet for the results of researches by Smith- 
somian scientists or collaborators of the Institution without restriction 
as to the field covered. The Bulletin and Proceedings of the National 
Museum record the investigations of members of its staff, aa well as 
of outside scientists, based on the great collections of the Museum. 
The Bulleting of the Bureau of American Ethnology deal with 
various phases of the study of the American Indians, Other series 
include the Annals of the Astrophysical Observatory, the title of 
which is self-explanatory, and Smithsonian War Background Studies, 
a new series intended to disseminate information on the peoples 
and areas involved in the present war. 

During the year, 100 publications were issued, 51 by the Institution 
proper, 44 by the National Museum, 4 by the Bureau of American 
Ethnology, anid 1 by the Astrophysical Observatory. The titles, 
authors, and other details ot these publications will be found in the 
report of the chief of the editorial division, appendix 11. The total 
number of publications distributed was 162.525. 

Outstanding among the year's publications may be mentioned 
volume 6 of the Annals of the Astrophysical Observatory, covering 
20 years’ investigations of the solar radiation; a paper by the late 
Carl Whiting Bishop entitled “Origin of the Far Eastern Civiliza- 
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tions : a Brief Handbook”; a paper by Frank C. Hibben on “Evi- 
dences of Early Occupation 3 in Sandia Cave, New Mexico * * *." 
which throws more Hght tn the entliest ooompants of this continent: 
a new edition of the “Handbook of the National Aircraft Collection,” 
by Pau! . Garber: and another volume in the series on life histories 
of North American birds by Arthur Cleveland Bent, “Life Histories 
of North American Flycatchers, Larks, Swallows, and Their Allies.” 
The continued demand for the Smithsonian volumes of tables, in 
large part from wur agencies, necessitated o reprinting of the Smith- 
conian Meteorological Tables and the Smithsonian Physical Tables. 


In common with the scientific libraries of ternational scope, the 
Smithsonian library suffered severe disruption from the impact of 
the war. Publication of scientific books and periodicals declined 
abroad, and those that were issued were obtainable only with great 
difficulty: if they could be obtained at all. After Pearl Harbor, of 
COUrSe, library exchanges ceased with nearly all countries except 
those in the Western Hemisphere. The brighter side of the picture, 
however, is the service the librury has been able to render to war 
agency officials, not only by providing access to published informa- 
tion, but also by putting inquirers in touch with members of the 
Tnstitution’s staff having specialized knowledge and by arranging 
introductions to out#ide sources. Taking advantage of the decreased 
amount of time devoted to foreign exchanges, the library staff grasped 
the opportunity of recataloging older material that has long needed 
attention and of strengthening and extending domestic exchanges. 
Az usial many gifts came to the library from associations and in- 
dividuals, noteworthy among them bemg 724 publications from the 
American Association for the Advancement of Science, 68 from the 
Ameérican Association of Museums, and a library of some 2,000 items 
on Copepoda assembled by the Inte Dr. Charles Branch Wilson and 

by his-son, Carroll A. Wilson. ‘The most important of 
‘the changes i in the library personnel was the retirement on January 
31, 1042, of William L, Corbin, librarian for more than 17 years, and 
the appointment to succeed him of Mrs, Leila F, Clark, who had been 
assistant librarian in charge of the National Museum library since 
1929, The yenr’s statistics show 5,685 accescions, bringing the library's 
total holdings to 867200; 599 new exchanges arranged; 4,040 “wants” 
received; 4,775 volumes and pamphlets cataloged; 29,826 cards filed 
in catalogs and shelfliste; 12258 periodicals entered: 9,978 books and 
periodicals loaned; and 1,400 volumes sent to the bindary, 

Respectfully submitted, 

C, G. Amnor, Secretary. 











REPORT ON THE UNITED STATES NATIONAL MUSEUM 


Sim: I have the honor to submit the following report on the con- 
dition and operation of the United Stutes National Museum for the 
fiscal year ended June 30, 1949: 

Appropriations for the maintenance and operation of the National 
Museum for the year totaled $830,978, which was 312,673 more than 
for the previous year, 

Additions to the collections of the Museum aggregated 1,388 sepa- 
rate accessions, comprising 234.589 individual specimens, a decrease, 
compared with the previous year, of 180 accessions and 42,104 speci- 
mens. Distribution of these additions among the five departments 
was a8 follows: Anthropology, 3,000; biology, 245,200; geology, 32,- 
418; engineering and industries, 2415; and history, 1549. These ae- 
quisitions were received principally us gifts from individuals, or as 
a result of expeditions sponsored by the Smithsonian Institution. 
All are listed in detail in the full report on the Museum, published as 
& separate document, but the more important are summarized below, 
The total number of catalog entries in all departments is now 1i,- 
HTS 240, a 








archeology received 08 Greeks, 

ted by Thomas Nelson Page; 
several examples of ancient Persian pottery and armor; about 700 
artifacts excavated in Florida; more than 200 stona, bone, pottery, 
and shell specimens from the old Indian village site of Polawomeke, 
Stafford County, Va.; and 175 artifacts from southern California, 
In ethnology, blankets, jewelry, and wearing apparel, representing 
the milla ot the me af Aca the Zui, the Tule Si nase | 
the San Blas coast of Panama, the Indians of Guatemala, the Chocd 
Indians of Daritn, and the Comanche Indians were of outstanding 
interest. The ethnological collections were also augmented by 
masks, food bowls, head rests, and cult objects from. voodoo shrines in 
Haiti, and cutting and slashing weapons mnde by the Moro of Min- 
danas, P, I. Among the important secessions to the collection of 
ceramics were # glazed Parian pitcher made about 1850 in Vermont; 
a Bilston snuffbox made in 1750; an interesting collection of 
IT 
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eighteenth- and nineteenth-century European ware including pottery, 
porcelain, and glass; and examples of Sandwich glass dating to 
about. 1640, 

Biolegy—The important mammalian successions of the year in- 
cluded $0 Antarctic seals, representing 4 genera and including 3 
sking and 3 skeletons of the rare Rose’s seal; 151 mammals from Mo- 
have County, Ariz.; 54 Manchurian mammals, one of which was new 
to science; a ‘Tibetan fox skin (@ynaloper corwec), a genus hitherto 
unrepresented in the Museum, from Yunnan, China; and 35 bats 
collected in caves near Washington. 

Among the most important and valuable avian accessions of the 
year are 1845 skins collected in Colombia by Dr, Alexander Wet- 
more and M. A. Carriker, Jr.; 447 birds from Brazil from the Rocke 
foller Foundation; bird skins from Mexico, Manchurian, Paraguay, 
and Alaska. Skins representing forms now to the Museum collection 
included 5 from Venezuela, 1 from Chile, and 1 from Ecundor. The 
Fish and Wildlife Service of the Department of the Interior trans- 
ferred 53 birds from various parts of the world and 3 seta of eggs of 
rare North American waterfowl, Of the skeletal material nequired, 
68 skeletons were collected by members of the staff, ind 90 were re- 
ceived from the National Zoological Park. 

An outstanding accession of the division of fishes consieted of 
14.219 specimens from the area between Peru and Alaska, received by 
transfer from the United States Fish and Wildlife Service. Prezi- 
dent Franklin D. Roosevelt presented a fine “mother of eels,” 
Meersaoarees americanus, caught off Novia Scotia on August 9, 1041 
The type material of Hypaoblenmiope rickettsi was included in a col- 
lection of 107 specimens of fishes from the Gulf of California. New 
materin!, received in exchange, included the following: Holotypes 
and paratypes of new species from Liberia and Cameroons; 29 para- 
types from Brazil, Yucatin, ond Venezuela; a cotypo of Flanea 
forficata from Bering Sea; ond one paratype each of Sebastodes 
owstoni, Nestarges nepenthe, Machacrenchelys vanderbilti, and 
Spinoblennius epiniger. 

The division of insects received the collection of Hemiptera built 
up by Waldo L, MeAtee, of the Fish and Wildlife Service, consisting 
of approximately 25,000 specimens and containing much type ma 
terial, Mr, McAtee also presented volumes and papers on entomo- 
logical subjects needed for the division’s sectional library. The col- 
lection of the late George P, Engelhardt and his entomological books 
were also nequired by the division—these in addition to the more than 
6,000 specimens of Lepidoptera presented by Mr. Engelhardt before 
his death. The material collected by the curator, Dr. Edward A. 
Chapin, during an expedition in Jamaica, consisting of about 7,600 
specimens, mostly termites, was accessioned during the year, A Jarge 


REPORT OF THE SECRETARY 19 


collection, mostly beetles, was received as a gift from the Colombian 
Government. Among other large lots of insects received was a col- 
jection of 52,000 specimens taken by the United States Bureau of 
Entomology and Piant Quarantine, in connection with its activities, 

Accessions to the division of marine invertebrates included 17 
species new to the collections, representing crayfish, crabs, stoma- 
topods, pycnogonids, ostracoids, turbellarian and sipunculid worms, 
turthworms, rotifers, sponges, and burnackes. The division’s. sec- 
tianal library received us a bequest from Dr. Charles Branch Wilson. 
a% comprehensive library (approximately 2500 books and pan- 
phiets) on copepods, Among the more important accessions received 
by the division of mollusks during the year was a collection made by 
Dr, Alexander Wetmore and M. A, Carriker, Jr., in Colombia. This 
collection included several new species of mollusks. Two purchases 
were made through the Frances Lea Chamberlain fund, consisting of 
206 lots of 845 specimens. Several large collections of mollusks were 
received, representing the fauna of Fiji, Australis, New Zealand, 
Costa Rica, anil Hawaii, as well us varions localities in the United 
States. Many smaller accessions included types of new species. Ad- 
ditions to the helminthological collection also contained numerous 
types and cotypes. ‘The Museum's collection of corals was augmented 
by 447 specimens, and among the more important secessions of the 
division of echinoderms is the first specimen of the brittlestar 
Ophiocoma aethiops known from Peru, 

Among the more important accessions recorded by the division of 
plants (Nationu! Herbarium) was a lot of 2,169 specimens received 
in continuation of exchange from the Instituto de Ciencias Naturales, 
Bogota, Colombia, A cooperative project between this institution 
and the National Museum now in preperation, a descriptive Flora of 
Colombia, will include a report on the above-mentioned material. 

Geology—Among the 156 minerals added by purchase to the Roeb- 
ling collection was a large, deeply etched uquamarine from Agua 
Preta, Minas Gerges, Brazil, the finest single specimen acquired dur- 
ing the year. Other accessions included exceptional examples of 
copper minerals and lend carbonate, an unusual crystallized turquoise, 
a monazite crystal from Brazil, and a mass of the phosphate 
lithiophilite. Three acquisitions of exceptionally fine minerals were 
obtained by purchase from the collection of Dr. Otto Runge through 
the Canfield fund. The most outstanding additions to the gem col- 
lection came through a bequest of Mrs, Mary Vaux Walcoit, among 
which a Valuable 12-curat olexandrite, a string of pearls, and 14 
necklaces of gem quality are worthy of special mention, The geo- 
logical collections were also augmented by several important speci- 
mens of meteorites and ores, among them a complete specimen of the 
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Rose City, Mich., stony meteorite, weighing 2,690 grams, one of the 
largest individuals of that fall, presented by Dr, Stuart H. Perry, 
and a 184-pound mass of cassiterite from Goodwin Gulch, Stewart 
ever found. 


Outstanding among the accessions by the division of invertebrate 
paleontology and paleobotany are a Jot of more than 1,500 type speci- 
mens of fossil invertebrates: 4 tons of limestone blocks containing 
beautifully preserved eilicified fossily obtained by Dr, G. A. Cooper 
in the Permian formations of the Glass Mountains of Texas; and 
8,000 invertebrate fossils obtained by Dr, C. E. Resser from the Cam- 
brian and Devonian rocks of Montana, Utah, and the Canadian 

Engineering and Industriee—Scale models of historic aircraft 
formed the largest group of important objects received by the division 
ofengineering. Among these are models of 10 winners of the Thomp- 
son Trophy air races and a model of Sikorsky’s 4-motor biplane, 
Grand, of 1913, which is called the first successful motor airplane. A 
timely addition to the division’s extensive series of aircraft engines is 
an example of the Allison liquid-cooled internal combustion engine, 
type V-1710-C, which represents one of industry's great contributions 
to the present war. Another very timely accession isa 14-ton, 4-wheel- 
drive reconnaissance and command automobile, or “jeep,” lent by the 
War Department. A transparent, plastic-body 1939 Pontiac automo- 
bile, received as a loan, fills the division's need for a Inte-model car. 

With the consent of interested persons, the material contained in 
boxes deposited in the care of the Smithsonian Institution by Alex- 
ander Graham Bell in 1889 and 1881 was transferred to the division of 
engineering. Included are several photophone transinitters, selenium 
cell elements of receivers, an electrotype phonogram, and « grapho- 
phone equipped with a reproducing element designed to reproduce 
sound through the medium of « jet of air without mechanical contact 
with the record. 

The most valuable object added to the medical exhibit was the first 
Emerson iron lung, completed in 1931, and used for several years to 
produce artificial respiration, 

_ The most noteworthy accession in graphic arts was the pift of 188 
Currier and Ives prints previously loaned to the division of graphic 
arts by Miss Adele S. Colgate. This accession was reported and de- 
scribed briefly in the report for 1941. With the cooperntion of the 
Evening Star Newspaper Co. of Washington, the division's exhibit 
showing the steps in the printing of a newspaper was entirely reng- 
nest the substitution of 23 new specimens to replace thosa now 
i t a 
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History —The art materia! ROCCSSLOned by t | . 

les a water olor sketch, painted in 1918, by Georges Scott, emblem- 
atic of the cordin! relations existing between France and the United 
States. For the numismatic collection the Treasur 





Tressury Department for: 
warded a number of California gold tokens, coins, and examples of the 
bronze, nickel, and silver coins struck at the Denver, Philadelphia, and 
San Francisco mints in 1941, The philatelic materia] was increased by 
1401 specimens, which were transferred from the Post Office Depart- 
ment. Among these are stamps for countries now occupied by Ger- 
many, including German stamps overprinted “Luxemburg,” and stamps 
issued by Germany for Poland. 


Explorations by members of the Museum staff have produced val- 
unble information and highly useful series of specimens in various 
fields) The worl has been made possible mainly by funds provided 
by the Smithsonian Institution, and by interested friends, With 
the entry of the United States into the war in December, the pro- 
tam of field activities was definitely curtailed. The expeditions 
from that date were those already in the field, or those that were 
required because of commitments previously made. Though the 
scope of the work has been decidedly less than in normal years, 
valuable results have been obtained. 

Anthropology—Walter W. Taylor, Jr,, honorary collaborator in 
anthropology, completed archeological explorations around Cuatro 
Ciénegas in Coshnila, northern Mexico, which he inaugurated during 
the previous fiscal year. He conducted excavations in Fat Burro 
Cave and in Nopal Shelter, in Canyon de Jora, about 21 miles west 
of Cuatro Ciénegas, He then moved camp to Sicrra de San Vicente, 
#0 miles southeast of Ciénegas, where he excavated a large site called 
Frnghtful Cave, located in the only through canyon in the San Vi. 
cente range. In this cave, which measures about 200 feet long and 
tapers In width from 80 feet at the entrance to 3 foct at the rear, the 
deposits ranged in depth from 10 fost to 3 feet, and consisted of 
compact floors, over which were superimposed strata of fire-cracked 
stones, ash, and fiber, Noteworthy specimens recovered from Fat 
Burro Cave consist of an atlatl, or throwing-stick foreshaft, with an 
arrow attached by sinew; a series of split-twig loops, comparable 
to those from the Big Bend area in Texas; stone projectile points 
similar to those from caves along the Pecos River, Texas; and a few 
pieces of split-stitch basketry. From Frightful Cave he recovered 
twilled woven bags filled with | yes, grooved clubs, four dis- 
tinct types of fer sandals, twined woven mats, and aprons, Al} 
for inspection by the scientists of the Instituto Nacional de Anthro- 
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pologia « Historia, where Mr. ‘Taylor received! every courtesy from 
the Director of the Institution, Sr. Lic. Alfonso Caso, and the Di- 
rector of the Department of Prehispanic Monuments, Sr. Ing. Ig- 
nacio Marquina. 

From the end of May to the middle of June 1942, Frank M. Setz- 
ler, head curator of the department of anthropology, was detailed 
to the National Park Service for the purpose of directing a rapid 
archeological reconnaissance within the canyons formed by the 
Yampa and Green Rivers in northwestern Colorado and eastern 
Titah, to locate and evaluate the prehistoric caves, shelters, and wil- 
lage sites within an area that may be inundated eventually, if pro- 
posed dams are built along these rivers. The expedition traveled by 
boat through the various rapids within the canyon, and diseovered 
and tested numerous sites, A detailed report covering the results 
of these investigations was prepared und submitted to the National 
Park Service before the close of the fiscal year, 

Bislagy—tIn March, M. A. Carriker, Jr., carrying on the work 
begun last year with Dr, Wetmore, continued the etudy and evllec- 
tion of birds in northeastern Colombia, From Codazzi, in the De- 
partment of Magdalena, he traveled into the mountains to establish 
t base that gave access to the higher peaks along the Venezuelan 
border. These investigations were supplemented by collections from 
the lowland areas, which were of value in connection with materials 
obtained in March 1941 at Caracolicito, in the drainage of the Rio 
Ariguanf. At the close of the fiscal vear these studies, ‘which were 
made possible hy the W. L. Abbott fund of the Smithsonian Insti- 
tution, were still in progress, 

Dr. Leonard P. Schultz, curator of fishes, was absent from Fobru- 
ury 1 to May 28 in Venezuela in connection with the program of the 
Department of State for promoting cultural relations with other 
American countries. Dr, Schultz spent 2 weeks in Caracas, where 
he consulted with various scientific groups, and the remainder of 
his time in the Maracaibo Basin, studying the fish fauna of that region, 
His work there was made possible by the friendly cooporation of the 
Lago Petroleum Corporation at Maracaibo und Lagunillas. For § 
days Dr. Schultz collected in the valleys of the Rio Motatin, Rio 
Chama, Rfo Catatumbo, and Rfo Torbes, all in the Andes. Hoe ob- 
tamed about 10,000 fish specimens, including ipproximately 115 
species, and other natural-history material. The fish collection is 
the most complete one that has been made in this region and will 
afford valuable new information in this field. 

Dr. Ff. A, Chapin, curator of insects, worked for 6 weeks jn 
Colombia, in connection with the above-mentioned pPregram of the 
Department of State. For 5 weeks he was in the vicinity of Bogots, 
mainly at the Instituto de Ciencias Naturales in the University 
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Center, Through the courtesy of Dr. Armando Dugand, Director of 
the Institute, Dr. Chapin’s researches were conducted with the close 
cooperation of Luis M. Murillo, chief entomologist of the Colombian 
Government, Francisco Otoya, assistant entomélogist, and Hernando 
Osorno, preparator. Mr, Murillo conducted several field trips that 
permitted Dr. Chapin to become acquainted with sume of the major 
entomological problems of the country. These incladed investign- 
tions in the citrus regions nenr Cachet4, Pacho, and Guateque, and 
two trips into the Paramo near Guasea: Study in the Bogoté area 
was accompanied by « tour of other scientific agencies in Colombia. 
Dr. Chapin visited the agricultural institute at Medellin, where 
work on the collection of ingects is under the direction of Dr. F. GL, 
Gallego, The party, consisting of Messrs. Murillo, Otoya, and Cabal 
(an entormological student), and Dr. and Mrs. Chapin, then pro- 
ceeded to the Agricultural Experiment Station at Palmira, While. 
they were in Cali Dr. Belisario Losada escorted the party on a col- 
lecting trip inte’ the Cordillera, They then returned to Bogoti 
for a final week of work at the Institute, where special attention was 
given to the family Coccinellidne, which is of considerable economic 
importance in Colombia, Plans were formulated for further collab- 
oration between the Instituto and the United States National Museum, 
with a monographie account of the Coccinellidae of Colombia as 
the end in view, 

C. V. Morton, assistant curator of plants, spent October and 
November in Cuba, under the sponsership of the National Museum 
vand the Department of State, for the dual purpese of botanical field 
work and the furthering of cooperation with Cuban scientisie: Mr. 
Morton was occupied part of the time in making partial catalogs of 
the ferns in various herbaria. In cooperation with the Cuban De-. 
partment of Agriculture, and in association with Messrs. Acufia and 
Alonzo, of the Estacion Agronéinica at Santiago de Las Vegus, he 
also undertook flild work in the mountainous part of Oriente, espe- 
elally on the Sierra Nipe, and the northern slopes of the Sierra 
Maestrn. Later he made collections in the Trinidad Mountains of 
Tas Villac, with the Harvard Botanica! Garden at Soledad as a 
base, and, through the friendly interest of the Colegio de La Salle 
of Habana, in the Sierra de Los Organos in Pinar del Rio. These 
expeditions resulted] in the collection of 6,000 specimens, represent- 
ing ipproximately 1,600 numbers. 

Dr, E. T. Walker, assistant curator of plants, was occupied for a 
week in Jime in the Piedmont and the Blue Ridge Mountains of 
North Carolina and South Carolina, making bétanical collections, 
Under Dr, Walker's leadership, local field work has been carried on 
by members of the Conference on the District of Columbia Flora. 
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Geology —Field trips to the West for vertebrate and invertebr 





companied by George Burke Maxe y, of Missoula, Mont., he first made 
a brief collecting trip to the torthern Wasatch Mountains in search 
of Cambrian fossils, In the Canadian Rockies 
2 weeks to the study of Cambrian beds in the mountains adjacent to 
the Bow Valley, chiefly at Castle Mountain, and in the Valley of the 
Ten Peaks at Mornine Lake, where they found excellent fossils high 
on nearby Eiffel Peak. They worked for more than a month trom 
& base camp at the foot of Mount Stephen, 3 miles west of Field, 
covering an area as far east a5 Lake Louise and west beyond Emerald 
Lake. For nearly three-quarters of century the fossil bed on 
Monnt Stephen has been known to prleontologists throughout the 
world. The trail leading | Pp from Field is only 3 miles long, but. it 
climbs 2,700 fest, Entire trilobites ars. on, and many other 
fossila are obtainuble, With the. permissic of the Canadian No- 
tional Park Service, Dr. Resser and his party collected excellent ma- 
terial. Later it was Dr, Resser’s privilege to follow the trail on the 
north side of the Kicking Horse River to Burgess Puss, made famous 
by Dr. C.D. Wulcott, former Secretary of the Smithsonian Institu. 
tion, by his discovery of the most remarkable fauna of these earliest 
Dr, G, Arthur Cooper, associate curator of vertebrate paleontology, 
collected fossils in Texas and Oklahoma. In Fort Worth he met 
Dr, N. D. Newell, and for 2 days, together with Dr, Ralph H. King, 
of the Kansas Geological Survey, they collected in north-central 
Texas, proceeding from there to Marathon, Tex., where they spent a 
month collecting Permian limestone blocks containing silicified fos- 
eile. In late July Dr, Cooper met Mra. J. H. Renfro and her daugh- 
fer at Fort Worth for investigations of the Pennsylvanian rocks of 
Jack County and the Cretaceous rocks around Fort Worth, where 
they obtained many interesting fossils, In August Dr, Cooper col- 
lected Devonian and Ordovician fossils at Ardmore, Okla., and then 
continued to Ada, Okla., where he was joined by Dr, C, Lalicker, of 
versity of Oklahoma, who guided him to numerous localities 











the Univers 
where free Pennsylvanian fossils are obtainable, At Muskogea 








Mountains, and many thousand specimens of froa Pennsylvanian 
fossils obtained this year in north-central Texas and Oklahoma, the 


Museum now has an important series of Permian and Pennsylvanian 


fossils. 

As the field expedition in vertebrate paleontology into the Upper 
Cretaceous and Paleocene regions of Utah, under Dr. C. L. Gazin, 
associate cursitor, extended well into the present year, only brief men- 
tion was made of it in last year's report. ‘The party succeeded in ob- 
taining some unusually good material of the smaller mammals, the most 
outstanding being the lower jaws and fragmentary parts of the skeleton 
of the rare Stylineden, and good specimens of the larger forms such as 
Ayrachwus and Paleosyops. Other interesting materials are a large 
slab of turtle remains, which will make an interesting exhibition piece, 
and # small collection of Paleocene mammals from the Alma forma- 
tion in western Wyoming. 

Starting early in June 1949, C, W. Gilmore, curator of vertebrate 
paleontology, led a party to explore the Oligocene rocks of eastern 
Wyoming and western Nebraska. where good progress in the discovery 
of mammalian remains has already been reported. Mr. Gilmore had as 
assistant the experienced collector George H. Sternberg, and was ac- 
companied also by Alfonso Segura Paguaga, of the Museo Nacional, 
San José, Costa Rica, The account of operations will be carried in 
next year’s report. 

In continuation of former field work in Mexico, Dr. W. F. Foshag, 
curator of mineralogy and petrology, returned to that country in Feb- 
ruary, under a cooperative arrangement with the United States Ge- 
ological Survey and with the Board of Economic Warfare, to direct 
further strategic-mineral work. At the end of the fiseal year he was 
still in the field, 

From March 17 until May 15, 1949, Dr. Remington Kellogg, evrator 
of mammals, with Watson M. Perrygo, scientific aid, 8 assistant, was 
engaged in excavating Rampart Cave, in the lower cliff-forming mem- 
ber of the Middle Cambrian Peasley limestone, on the south side af the 
lower end of the Colorado River canyon, in the Boulder Dam National 
Recreational Area, Ariz. This was q cooperative project, undertaken 
by the Smithsonian Institution and the National Park Service, The 
latter agency detailed Edward T. Schenk, senior geological foreman, 
Samuel D, Hendricks, sssistant engineer, Dr, Gordon C. Baldwin, 
archeologist, Ray Poyser, boat pilot, and seven men from the Boulder 
City Civilian Conservation Corps camp for intervals of varying length 
to assist in the work, The party obtained skeletal remains of ground 
sloths, mountain poate, pumas, marmots, skunks, and several species 
of birds, lizards, and snakes. Part of the cave was left undisturbed 
as 8 display for visitors, if it should seem desirable to develop it for 
that purpose at some time in the future. 


Visiters Curtailment of travel because of the war had less effect 
than anticipated upon the number of visitors at the various Museum 
buildings. The total recorded during the year was 2,042,817, a against 
2,500,817 for the previous year, The largest attendance for a single 
month was in August 1041, with 331,952 visitors, and the second Jarpest 
was in July 1941, with 829,927. The attendance in the four Smith- 
sonian and Museum buildings was as follows: Smithsonian Building, 
275,030; Arts and Industries Building, 996,625: Notural History 
Building, 622,989; Aircraft Building (closed from July to November 
6), 107,578. 

Publications and printing.—The sum of $34,750 was available during 
the fiseal year 1942 for the publication of the Annual Report, Bulletins, 
and Proceedings. Forty-four publications were issued—the Annual 
Report, 3 Bulletins, 1 part each of Bulletins 50, 62, and 161, 1 sepurnte 
paper from volume 28 of the Contributions from the United States 
Niutional Herbarium, and 36 separate Proceedings papers. Titles and 
authors of these publications will be found in the report on publica- 
tions, appendix 11. 

Volumes and separates distributed during the year to libraries, in- 
stitutions, and individuals throughout the world aggregated 82,45 
copies, 

Special exhibiie—F ifteon specin] exhibits were held during the year 
under the avspices of various etlucational, scientific, recreational, and 
governmental groups. In. addition the department of enginecring 
and industries arranged 21 special displays—10 in graphic arts ond 11 
in photography, 


CHANGES IN ORGANIZATION AND STAFF 


In the department of anthropology, Dr, 'T. Dale stewart succeeded 
to the curatorship of physical anthropology on April 1, 1942, following 
the retirement of Dr. Ale} Hridlitka, and De. Marshall T Newman 
was appointed associate curator on dune 22, 1942. 

In the department of biology, division of birds, Herbert G. Deig- 
nan was advanced to associate curator on February 1, 1948, and 8, 
Dillon Ripley, 2d, was appointed assistant carator on March 18, 1942, 
In the division of mammals, Dr. David H. Johnson wae appointed 
fixcociate curator on August 18, 1941. On February 1, 1942, Dr. 
Egbert H. Walker was reallocated to assistant curator, division of 
plants. 

In the department of geolozy, the division of physical and chemi- 
cal geology (systematic and applied) and the division of mineralogy 
and petrology were combined under the title of division of mineral- 
ogy and petrology, with Dr. William F. Foshag as curator and Ed- 
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ward P. Henderson as.associate curator, The division of stratigraphic 
paleontology became the division of invertebrate paleontology and 
paleobotany, with Dr. Charles E. Resser us curator and Dr. G. Arthur 
Cooper as asseciote curutor, These changes were effective June Ij, 
1942. 

On March 1, 1942, the following members of the staff were ad- 
vanced to associate curator: In the department of anthropalogy, 
J. E. Weekler, Jr., and Waldo R. Wedel; in the department of bi- 
ology, Doris M. Cochran, R. E. Blackwelder, C. R. Shoemaker, and 
Marald A. Rehder; in the department of geology, C. Lewis Gazin; 
in the department of engineering and industries, Paul E. Garber, 
Wilham N. Watkins, and A. J. Olmsted. On the same date, B. O. 
Reberholt, of the division of mineralogy and petrology, was mudi. 
smior scientific aid, | 

On February 1, 1942, Mrs. Leila F, Clark was appointed librarian 
of the Smithsonian Institution, in the position made vacant thritigh 
the retirement of William L. Corbin, and Elisabeth P. Hobbs was 
advanced to associate librarian on May 21, 1949. 

Honorary appointments were conferred on W. W. Taylor, J r., O8 
collaborator in the department of anthropology, July 1, 141; on Dr. 
Ales Hrdlitka, as associate in anthropology, April 1, 1942: und on 
Dr. Henry Pittier, 23 associate in botany, September 25, 1941. 

The following employees were furloughed indefinitely for military 
service: Clyde BE. Bauman, January 22, 142; Stephen C. Stuntz, 
March 9, 1942; Shallie Youngblood, May 20, 1942: and Earl W. 
Cook, May 24, 1949. 

Employees who left the service through the operation of the re- 
Grement act were us follows: For age, Dr, Ales Hrillitka, curator, 
on Mareh 31, 1942, with 35 years 11 months of service; Joseph P. 
Germuiller, guard, on December 8, 1941, with 23 yeors 3 months of 
service. Through optional retirement: Fred Kaske, scientific nid, 
with 39 years 11 months of service, on May 31, 1949, and Samuel P, 
Darby, guard, with 33 years 7 months of service, on May 31, 1942. 
Through disability retirement: William H. Smith, lientenant of tha 
guard], on December 21, 1942; Robert G. Tegeler, guard, on Octobor 
I, 1941; Thomas J, Shannon, guard, on November 14, 1941; and 
Arthur O. Wickert, under mechanic (clectrician’s helper), on Jan- 
nary 31, 1949. 

The honorary appointments of W. IL, McAtee, neting custodian, 
section of Hemiptera, and of W. W. Taylor, Jr., collaborator in 
anthropology, terminated on June 30, 1942. 

The Museum lost through death $ active workers: Joseph R. Riley, 
associate curator, division of birds, on December 17, 1941; William 
H. Bray, preparator, department of anthropology, on December 18, 
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1041: Jacob C. Earnbart, guard, on February 10, 1942; and 5 honor- 
ary members of the staif who were long associated with its activities: 
Dr. Charles Branch Wilson, honorary collaborator in copepods, divi- 
gion of marine invertebrates, on August 18, 1941; Dr. High M. Smith, 
associate in zoology, on § ber 28, 1941; Dr. Casey Albert Wood, 
collaborator, division of birds, on January 26, 142- Dr. C, Hart 
Merriam, associate in zoology, on March 19, 1942; and Dr. William 
ad prerery nasistant curator of insects, on Stine 20, 1942. 











De. C. G. Ansor, 


APPENDIX 2 
REPORT ON THE NATIONAL GALLERY OF ART 


Sim: I have the honor to submit, on behalf of the Board of Trus- 
tees of the National Gallery of Art, the fifth annual report of the 
Board covering its operations for the fiscal year ended June 30, 
1942. ‘This report is being made pursuant to the provisions of the act 
of March 24, 1937 (50 Stat, 51), as amended by the public resolu- 
tion of April 13, 1039 (Pub. Res. No. 9, 76th Cong.). 


ORGANIZATION AND STAFF 


During the fiscal year ended June 30, 12942, the Board was com- 
prised of the Chief Justice of the United Statea, Harlan F. Stone, 
who succeeded the Honorable Charles Evans Hughes as Chief Jus- 
tice and took office on July 3, 1941; the Secretary of State, Cordell 
ce the Secretary of the Treasury, Henry Morgenthau, Jr.; and 

Cha: Sacketery of the Smithsonian Institution, Dr. C. G. Abbot, ex 
officio; and five general trustees, David K. EK. Bruce, Duncan Phil- 
lips, Ferdinand Lammot Belin, Joseph Ei. Widener, and Samuel H. 
Kress. 


At its annual meeting held Febroary 9, 1942, the Board reelected 
David K. E. Bruce, President, and Ferdinand Lammot Belin, Vice 
President of the Board, to serve the ensuing year. The executive 
officers continuing 20: ofies during ths year were: Donald D, Shepard, 

-Treasurer and General Counsel; David E, Finley, Diree- 
tor; Harry A. McBride, Administrator; John Walker, Chief Cura- 
tor; and Macgill James, Assistant Director. At the annual meeting 
the Board elected Chester Dale of New York as an honorary officer 
of the Gallery, giving him the title of Associate Vice President. At 
a meeting of the Board held December 29, 1941, the Board provided 
for the appointment of Otto R. Eggers and Daniel P. Higgins, con- 
stituting the firm of Eggers & Higgins of New York, as consultant 
architects for the Nationa! Gallery of Art. During the year, George 
T. Heckert was appointed Assistant Administrator, such appoint- 
ment being made possible because of the reclassification of his office 
by the Civil Service Commission. 

Also at the annual meeting the Board, pursuant to its bylaws, con- 
stituted its three standing committees as follows: 

20 
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Chief dostice of the United States, Harlan F. Stoo, chalrman. 
David K. EL iruce, vice chairman. ; 
Secretary of the Smithsonian Institotion, Dr, C. G. Abbot. 
Ferdinand Lammot Belln. 
Duonean Phillipe 
FINANCH COMMITTER 

Secretary af the Trersury, Heory Morgenthan, Jr. chairmat. 
David K. FE. Broce, view chainmnan. 
Secretory of Stnte, Cordell] Hall. 
Ferdinand Larmmat Belin. 
Samuel . Areas. 

ACQUISITIONS COMMITTEZ 


David EK. E. Broce, chairman, 
Ferdinond Lammot Retin, vice chalrman. 
Duncan Phillipe. 

Jomeph EL Widener. 

David & Finley, ex afficla. 

All positions with the Gallery, with the exception of the executive 
and honorary officers, ore filled from the registers of the United 
States Civil Service Commission or with its approval. By June 40, 
1942, the permanent Civil Service staff numbered 234 employees. 
Since the opening of hostilities, 12 members of the staff had joined 
the armed forces. 

APTROVRIATIONS 


_ For salaries and expenses, for the upkeep and operation of the 
National Gallery of Art, the protection and care of the works of art 
acqitired by the Board, and all administrative expenses incident 
thereto, as authorized by the act of March 24, 1987 (50 Stat. 51), as 
amended by the public resolution of April 13, 1989 (Pub, Res, No. 9, 
‘6th Cong.), the Congress appropriated for the fiscal year ending 
June 30, 1942, the sum of $538,800, to cover the first full year of 
operntion, From this appropriation the following expenditures and 
encumbrances were made: 


FCIPEOMTURES AXD EXOUMDEANCES 




















Personal services____. me 0, BS 

Printing end bindiig o.oo... = ss #L BSA 

Supplies and equipment, @le.. TR OTL IB 

Unencumbered balanes = 3, O28. () 

Total.—_______ == : — 683,300, 00 
ATTENDANCE 


The total attendance for the first year during which the National 
Gallery was open was 2,005,828, a daily average of over 5,500 visitors, 
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A unique record for musenm attendance was established on July 7, 
Lid], when the one millionth visitor entered the Gallery, less than 4 
months after ita dedication. ‘The Gallory is open to the public each 
week day of the year between the hours of 10 a, m, and 5 p, m., except 
for Christmas and Now Year's Day, and on Sundays from 2 until 
5 p. m, 

On.June 7, 1942, the Gallery inaugurated an experimental series 
of Sunday evening openings, primarily for the benefit of men in the 
armed forces and war workers im the city. The exhibition galleries 
were open from 2 to 10 p. m., and orchestral concerta during the 
summer months were given, through the generosity of Chester Dale, 
from 7:15 to closing time. Special lectures with color slides were 
given by the Gallery staff at 7:30 und 8:30 in the lecture hall, and 
the cafeteria in the Gallery building was open from 4 to & Each 
Sunday evening from 60 to 75 service men were invited by members 
af the staff and by friends of the Gallery to supper in the cafeteria. 
On Sundays the attendance frequently exceeded 8,000; and, in view 
of the popularity of the Sunday evening. openings, it was decided 
to continue the arrangement indefinitely. 

Through the generosity of Mrs. Matthew John Whitiall, the Gal- 
lery presented in the lecture hall on the ground flour, a concert by 
the Budapest, String Quartet on Sunday afternoon, May 31, 1942. 
This concert had been planned for men in the Service and their 
friends, the program lasting approximately 1 hour. 


In the information rooms in the Gallery building, a general in- 
formation booklet is given without charge to visitors on request. It 
contains a short survey of the collections and information which has 
been found to be of great assistance to visitors to the Gallery, Also 
availuble, are entaloge of (he paintings and sculpture, a complete book 
of illustrations of all the works of art in the Gallery's collection, color 
reproductions, and postcards in color and black and white, all made 
available through the Publications Fund, These publications are on 
sale at moderate cost, 

AIR-EAID PROTECTION 


Immediately following the outbreak of hostilities on December 7, 
IM41, the National Gallery building was blacked out nightly: ‘The 
staff was organized into five air-raid services: Fire, police (includ- 
ing morale), health (first aid), maintenance, and evacuation, Drills 
were started and repeated frequently in order that the units might 
operate smoothly in the event ofan actual wir raid. Drills that were 
held in coordination with the District of Columbia authorities, when 
visitors were in the building, evidenced the measure of efficiency 
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which had been reached by the protective organization in the Gallery. 
Purchases of air-raid protection equipment were also mail as 
promptly as possible and to the extent permitted by the great de- 
mand for such equipment. 





REMOVAL OF WORKS GF ART TO A PLACE oF 8: 


FEKEFFING 

At a special meeting held December 20, 1941, the Board approved 
the recommendations of the executive officers of the Gallery that a 
limited number of the moat fragile and irreplaceable works of art 
in the national collection be removed to a place of greater safety, in 
view of the responsibility which rests with the Trustees for snfe- 
guarding the collection. Early in January, therefore, the paintings 
and sculpture to be evacuated were removed from exhibition and 
shipped under guard to the Place of safety which had been deter- 
mined upon and adapted for the purposes, All of the works of art 
arrived in excellent condition, While thus in storage, they are under 
constant guard by members of the National Gallery guard force and 
under supervision and inspection by « member of the curatorial atuff 
of the Gallery. 

Beyond this partial evacuation, however, it was the expressed be- 
hef of the Trustees that the Gallery bas a duty to the public (as a 
unit of the Government establighment), and an obligation as @ source 
of recreation and education to continue its activities, and even in- 
crease them, ns far as practicable, in wartime. 





ACQUISITIONS 
GTS OF FRINTs 


On February 9, 1942, the Board of ‘Trustees accepted from Philip 
Hofer a woodent, “Saint Sebastian,” by Hans Baldung (Grien), to 
be added to his earlier gift of prints which wag included jn lust 
year's Annual Report; and again on April 27, 1942, the Board ac- 
cepted @ gift of 58 prints from Miss Elisabeth Achelis 


G2Ts OF PAINTIZOS ann SCULPTURE 


On September 8, 1941, the Board of Trustees accepted from Mr. 
and Mrs. Peter H. B. Frelinghuysen the gift of two paintings by 
Goya: 

- Portralt of Dona Bartolome Sureda 

Portralt of Dona Teresa Sureda 
both given in memory of Mrs, Frelinghuysen’s mother and father, 
Mr. and Mra. H. O, Havemeyer, These paintings ars now on 

On February 9, 1942, the Board of ‘Trustees accepted from Dun- 

can Phillips, u Trustee of the Gallery, the gift of o portrait of 
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former Chief Justice Hughes, first Chairman of the Board, painted 
y Augustus Vincent Tuck, which has been hung in the Board Room. 
On February 9, 1942, the Board accepted from Mrs. Ralph Har- 

man Booth, the gift of the following pieces of sculpture, given in 

memory of her husband: 

Greek (fourth century B.C.) __---—_____.. Hed of a Youth. 

Middle Rhenish School Pleta. 











Nottingham Behool... =. dé int wlabaster, Chriat 
supported by an Angel. 


On April 27, 1942, the Board of Trustees accepted from Mr, and 
Mrs. George W. Davison the gift of a portrait of George Washing- 
ton by Rembrandt Peale. 

Also, on April 27, 1942, the Board accepted from Mrs, Gordon 
Dexter the gift of two paintings by John Singleton Copley: 

Red Cross Knight 
Portralt of Sir Robert Gmham 
The paintings have been received and are now on exhibition. 

On April 27, 1042, the Board accepted from Mrs. John W. Simpson 
the gift of a group of paintings, drawings, and sculpture. Included 
in the gift aré two paintings, one entitled “Soap Bubbles,” by Jean- 
Baptiste-Simeon Chardin, and the other, “Tho Binning Children,” 
by Sir Henry Raeburn, the latter presented in memory of the late 
John Woodruff Simpson. The 11 drawings and 13 pieces of sculpture 
by Auguste Rodin constitute a unique collection acquired by the 
donor some 40 years ago directly from the artist. The Clodion terra- 
cotta plaque also served as a model for the decoration of one of the 
monumental urns by Clodion now in the Gallery, 


SALE OR EXCHANGE OF WORKS OF AKT 
During the year no works of art belonging to the Gallery were sold 


or exchanged. 
LOAN OF WORKS OF ART TO THY QATLERY 
During the year the following works of art were received on loan: 
From Copley Amory of Washington, D. C.: 





Artie Rubfect 
John Singieton Copley -—_—_——. The Copley Familiy 
6 eee ee ee ose Self-portralt 
Deo , __= Portralt of Elisabeth Copley 
Henry William Pickersgit)_ Portrait af John Singleton Copley, Jr. 





John Singleton Coples__.______________ Red erayan drawing of a hand 

From Chester Dale, of New York, 126 important paintings of the 
French nineteenth-century school and other schools of painting, to- 
gether with 31 French drawings. 
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Through the French Government from museums and private eol- 
Jectors in Europe, 14 paintings of the French school of the late 
eighteenth and nineteenth centuries, In addition, this loan has been 
supplemented by 101 French drawings which have not yot. beon placed 
on exhibition, 

From the heirs of the Jate Right Reverend William Lawrence por- 
trait of their ancestor, Amos Lawrence, by Chester Harding, 

From the J. H. Whittemore Co., of Naugatuck, Conn, 24 French 
and American paintings from the Harris Whittemore collection, ‘The 
following paintings from the collection have been placed on exhi- 
littion : 

Artix kuibsooe 
Edgar. Degas. he Rehen ret 
Angoste Renofr oo he in Lavndbern pee 
———— = ee Girl with o Cot 
J, A. Men, Whistler. he White Gicl 
ae a ee ee 
In. ooo. L'Andalisionne 





2s 2 ae... 





LOAN OF WORKS OF ART RETURNED 


During the year the following works of art which had been placed 
on loan at the Gallery were returned ; 
To Duncan Phillips, « Trustee of the Gullery, two paintings previ- 
ously loaned by him: 
Arti Aubjece 
Camille Corot. ———_—. The Dalry Farm 
Gouetave Courbrt ee at Ornins, Afterglow 


LOAN OF WORKS OF AIT PY ‘THE OALLEIY 


During the year no works of art, belonging to the Gallery, were 
Placed cn Joan, 
EXHIAITIONS 


The following exhibitions were held at the National Gallery during 
the Inst year: 

An exhibition, entitled “The Great Fire of London, 140." of 107 
paintings and drawings of wartime London by artists serving in 
the London Auxiliary Fire Sorvice, was shown in the Gallery from 
July 18 through Angust 10, 1941. Sponsored by the British Govern- 
ment under the auspices of the British Library of Information, this 
exhibition—selected by Sir Kenneth Clark, Director of the National 
Gallery, London; Sir Walter W. Russell, R. A., Keeper of the Royal 
Academy; and J. B. Mason, former Curator of the Tate Gallery, 
London—after the completion of its first showing in the United Stated 
at the National Gallery, toured the United States and Cantdas, 

Seventy paintings and drawings, and sculpture, representing the 
art of Australia from 1788 to 1941, were placed on exhibition at the 
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Gallery from Octobor 2 to 26, 1941. ‘These works of art, the first 
comprehensive exhibition of Australian art to be shown in the United 
States, were sent, under the guspices of the Carnegie Corporation 
of New York, by the Commonwealth of Australia. 

Architectural drawings of the National Gallery building, to- 
gether with progress photographs and a model of the exterior of the 
building, showing the development of the building from the first 
sketch to the final drawings, were loaned by Eggers & Higgins, the 
architects, for exhibition at the Gallery from December 18, IM, to 
January 28, 142. The A. W. Mellon Educational and Charitable 
Trust, to augment the exhibition, loaned a number of renderings and 
photographs of the progress of the building from their own records. 

Two groups of American water colors, drawings and printe— 
“American Artists’ Record of War and Defense” and “Soldiers of 
Production”—were shown at the National Gallery; the former from 
Febroary 7 to March 8, 1941, and the latter from March 17 to April 
L5, 1942. Tho water colors in the first group had been submitted 
in national competition for pictures recording war and defense nctiy- 
ities, conducted by the Section of Fine Arts for the Office for 
Emergency Management, and most of them were purchased by the 
United States Government. after selection by the appointed jury. 
Those in the second group were water colors and drawings by eight 
artists appointed on recommendation of the Section of Fine Arts by 
the Office for Emergency Management and who, through the courtesy 
of the War and Navy Departments, were permitted to make drawings 
and paintings of what is known as restricted material, 

The Citizens Committee for the Army and Navy, Inc., exhibited 
at the Gallery for a period of approximately 2 weeks, beginning 
April 8, 1942. three triptychs by contemporary artists, which had 
been selected by the Committee for later presentation to the Chapel 
at Arlington Cemetery, Va. 

An exhibition of paintings, posters, water colors, and prints, show- 
ing activities of the American Red Cross, were exhibited from May 2 
to 20, 1942. These paintings were submitted in a national competi- 
tion conducted for the American Red Cross by the Section of Fine 
Arts, Public Buildings Administration, Federal Works Agency, ‘The 
exhibition included the. paintings which were purchased for the Red 
Cross. on advice of a jury, together with « group of olher pictures 
tlso recommended by the jury for exhibition. 

An exhibition of 11 portrait busts of the Presidents of the Repub- 
lics of South America, by the American sculptor, Jo Davidson, was 
held in the west garden court at the National Gallery of Art, begin- 
ning Saturday afternoon, June 27, and continuing for about a 
month. ‘These busts were commissioned by the Office of the Co- 
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ordinator of Inter-American Affairs and will be presented to the 
Governments of the South American Republics by the Department 
of State of the United States of America, Portrait busts in bronze, 
also by Jo Davidson, of President Franklin Delano Roosevelt and 
Vice President Henry A. Wallace, were shown at this time. 


CURATUHIAL DEPARTMENT 


The ctiratoria] work for the year consisted in the rearrangement 
of the permanent collection necessitated by additional gifts and by 
various precautions that were required by the outbreak of the war; 

in the installation of 17 temporary exhibitions; in various lechurem 
on the collection and related fields in conjunction with the work of 
the educational department; and in further cataloging of the paint- 
ings and scuipture. During the year the prelimmary Catalog of 
the Permanent Callection and the Book of Illustrations were brought 
up to date and reprinted; two catalogs containing « historical sur- 
yey, notes, and bibliography of the French paintings loaned from 
the Chester Dale collection were compiled, and a new general in- 
formation pamphlet was prepared, 

In the course of the year, 200 works of art were submitted to the 
noquisitions commitice with written recommendations regarding 
their acceptability for the collection of the National Gallery of Art; 
40 private collections were visited in Washington and other cities 
in coimection with offers to the Gallery of gifts or loans; 152 works 
of art were brought to the Gallery and submitted to the stuff for 
expert opinion; and 44 letters were wrilten in answer to inquiries 
involving research in the history of art. 


During the year, as authorized by the Board and with the approval 
of the Director and Chief Curator, Stephen Pichetto, consultant re- 
storer to the Gallery, has undertaken such restoration and repair of 
paintings and scnipture in the collection ns has been found to be 
necessary, All of this work was carried on in the restorer’s rooms 
in the Gallery except in three cases, once when unusually delicate 
und complicated restoration was required, and twice when the pic- 
tures had to be relined to prevent damage i in shipment from New 
York. These three paintings were restored in Mr. Pichetto’s studios 
in New York, 





As indicated in the following summary, public response to the 
program of edncational activities of the Gallery has constantly in- 
creased month by month until the total attendance recorded for 
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June, 1942 (6,354), more than doubled that recorded for July, 1941 
(2,582). 

A basic part of the Gallory’s educational program has been the 
gallery tours of the collection, conducted twice daily, except on 
Saturday and Sunday, which have attracted 18,935 visitors, In ad- 
dition to these tours there has been a series of special lectures; a 
special program of 84 lectures, beginning in October and contin- 
uing through April, presented a special lecture each Saturday ufter- 
noon in the lecture hall, which 7,292 persons attended, and the in- 
timate “gullery talks” and other lectures presented in the auditorium, 
dealing with a specific schoo] or works of art, attracted a eombined 
total of 17,752. 

The educational department feeling ee need for a chort noontime 
feature, in view of the increased number of visitors from ae 
Government buildings during this time, finatipareted on January 9, 
1942, the “Picture of the Week,” a 15-minute talk given twice each 
day and once on Sunday, which in turn attracted 7,047 people, in- 
dicating that this educational feature of the program was one of 
the most popular. 

In waddition, members of the edneational department staff have 
conducted private and group conferences, totaling 8,065 individuals, 
of which 700 were members of the armed forces for whom special 
tours were arranged on Saturday afternoon, beginning in December 
1941, 








A. total of 242 books and 1057 pamphlets and periodicals were 
presented to the Gallery; 9€2 books and catalogs were acquired 
through exchange; 87 books and catalogs were purchased; and 20 
books were received on indefinite loan, 


PHOTOORAPHIO DEPARTMENT 


Prints totaling 6,004, 1,187 black and white slides, and 709 color 
slides have been made by the photographic laboratory, The printa 
have been placed on file in the Library where they are for sale and 
for the use of the Gullery staff. The slides, together with an nddi- 
tional 420 which were purchased during the year, have been made 
available for the staff in connection with the public lectures given at 
the Gallery, and have likewise been lent to lecturers outside the 
National Gallery and to other gulleries. 


During the fiscal year, certain alterations and improvements have 
been made in the building wpon the recommendation of the com- 
mittee on the building, among which may be mentioned the constrac- 
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tion of snow steps for the Mall entrance, the redecoration of gallery 
rooms for the exhibition of the Chester Dale collection, and nddi- 
tional wir conditioning in the smoking room and the information 
rooms on the main and ground floors, ‘The National Gallery Cafeteria 
has become so popular that it is somewhat congested during certain 
hours of the day. It became evident that some acoustical treatment 
of the ceiling should be undertaken, and this work, resulting in 
great improvement in the noise condition in the eafeteria, was com- 
pleted with funds supplied by The A. W, Mellon Educational and 
Charitable Trust. It was aleo reeemmended that a revolving door 
be installed to replace one of the heavy bronze doors at the Constitu- 
tion Aventie entrance, Althongh funds were made available it, was 
not possible to proceed with this improvement because the materials 
required were restricted by priority rulings. 


During the year there were gifte to the Gallery of furnishings, 
equipment, ornamental trees and plants, prints, films, and color 
slides; aleo certain expenses were paid by others on behalf of the 
Gallery, the donors being David K. FE. Bruce, Frederick T. Bon. 
ham, William BE, Coe, David E, Finley, Samuel H., Kress, Donald 
D. Shepard, Percy S$. Strauss, Mr. and Mrs, J. L. McGrew, Mra. 
Matthew John Whittall, Coordinator of Inter-American Affairs, 
Propagating Gardens of the Department of the Interior, American 
Red Cross, and The A. W. Mellon Educational and Charitable 
Trust, Gifts of moneys were made to the Gallery durmg tlie year 
by Paul Mellon, Chester Dale, Howard J. Heing, Jr., and The A. W. 
Melion Educational and Charitable Trust. 


ATIMIT OF PRIVATE FUNDS OF THE OALLERY 


An audit las been made of the private funds of the Gallery for 
the year ended June 30, 1442, by Price, Waterhouse & Co,, a nation- 
ally known firm of public accountants, and the certificate of that 
company on its examination of the accounting records muintained 
for sich funds has been submitted to the Gallery. 

Respectfully submitted, | 

Davi K. E. Broce, President. 

Dr. ©. G. Annor, 

Seeretary, Smithsonian. Institution, 


REPORT OF THE NATIONAL COLLECTION 
OF FINE ARTS 


Simm: I have the honor to submit the following report on the ac- 
tivities of the National Collection of Fine Arts for the fiscal year 
ended June 30, 142: 

Aiter Pearl Harbor plans were made for the protection of the 
works of art in the National Collection of Fine Aris: The center 
portion of the wall behind the large painting “Diana of the Tides,” 
by John Elliott, was strengthened sufficiently to resist bomb frag- 
ments. Protection against damage from incendiary bombs has been 
provided, but means have not. yet been devised to prevent such 
bombs from reaching the ground floors where the exhibits are shown. 
Plans for packing and shipping paintings for evacuation have been 
made, and the miniatures and part of the Gellatly collection are to 
be moved to the ground-floor lobby, where they would be protected 
igainst incendiary bombs. 

Several proffered gifts of paintings, furniture, ministures, and 
vases have been deposited here to be passed upon by the Smitheonian 
Art, Commission in December 1949. 

Eight special exhibitions were held in the foyer, including three 
under the sponsorship of the Pan American Union and the Ministers 
of the various countries, involving the installation of 428 ns. 
Nine special Graphic Arts exhibits were shown in the lobby, 

From July 10 to 27, 1941, the Acting Director visited galleries and 
private collections between Wa shington and Boston for the purpose 
of studying various collections of American miniatures, 

An illustrated lecture on the Nationn! Collection of Fine Arts was 
given by the Acting Director before the Chevy Chase Women's Club 
on November 11, 1941. 

A painting, “The First Reading of the Emancipation Procla- 
mation,” by Francis B. Carpenter, 9 feet x 14 feet 6 Inches, was 
cleaned and restored at the United States Capitol. 


For the administration of the National Collection of Fine Arts 
by the Smithsonian Institution, including compensation of necessary 
employees, purchase of books of reference and periodicals, traveling 

ag 
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$29,850,14 was appropriated, of which over $18,000 was expended 
for the care and maintenance of the Freer Gallery of Art, a anit 
of the National Collection of Fine Arts, The balance was spent for 
the care and upkeep of the National Collection of Fine Arts, nearly 
all of this sum being required for the payment of salaries, traveling 
expenses, purchase of books and periodicals, and necessary disburse- 
mente for the care of the collection. 





The twenty-first annual mecting of the Smithsonian Art Com- 
mission was held on December 2, 1941. The members met at 10:30 a. m, 
in the Natural History Building, where, as the advisory committee 
on the acceptance of works of art which had been sabmitted during 
the year, they accepted the following: 

Of paloting, “Portralt of My Wife,” by Lotile Betts, NA, Gift of Mrs. Loute 
Betta (Zarn Symons Betts), 

Oll painting, “Stable Interior, Horses and Groom," by John F. Herring (1795- 
1865). Gift of John FE, Lodge. 

Oll painting, “Portrait of Lent. Gen. Honry Clark Corbin (1542-1900)," by 
Adolph Muller-Ury (1888- ), Gift of Mra. Henry Mork Corbin, 

Ol patnting, “The Other Shore.” ty Robert Spencer, N. A. (1870-1001), as 
signed to the Newark Museum Association, Newark, N. J., on February 2, 1025, 
by the Council of the National Acudemy of Dealgn, which was withdrawn and 
claimed In sctordance with the provision in the Hanger Bequent. 

Three miniatures, water color on ivory, “Portralt of A. 8, 8." by Jean Frnn- 
cols de Ia Valle (f. 1785-1815); “Portrait of Mra. Elves,” attributed to Hone, 
and “Portralt of Ira Allen (1761-1814)," copy of a mininture jn the Univeraity 
of Vermont, by an unknown artist. Gift of Mra Norvin HL Green. 

Mittature, water color on ivory, "Portrait of Mra Bertha EK. Jaques (1868- 
TM1)," by Nelly MeKenzie Tolman. Bequest of Mra. Bertha E. Jaqnes, 

Minature, water color on paper, “Portrait of Rubens Penle (1784-1964)," by 
Raphael Peale (1774-1825), unframed. Gift af Dr, Edwin Kirk. 

Thirty-elx prints by 28 members of the Chiengo Society of Etchers, to be 
added to the Chicago Society of Etchers collection, Gift of the Chirago Soctety 
of Etchers. 

Drypolut, “For All the World,” by BR. BH. Patensky (1554— ). to be added 
to the Cileago Boclety of Etchers collection. Gift of the artist. 

One Japinese Shippo vase and stand. Gift of Dr. and Mrs, H. Foster Bain, 

The members then proceeded to the regents’ room in the Smith- 
sonian Building for the further proceedings, the meetin g being called 
to order by the chairman, Mr. Borie. 2 
_ The members present were: Charles L. Boris, Jr., chairman; Frank 
Jewett Mather, Jr., vice chairman; Dr. Charles G, Abbot (ex officio), 
secretary; and Herbert Adams, Gifford Beal, David E. Finley, James 
KE. Fraser, John E. Ledge, Paul Manship, Edward W. Redfield, and 
Mehonri M. ‘Young. Ruel P. Tolman, curator of the division of 
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graphic arts in the United States National Museum and acting direc- 
tor of the National Collection of Fine Arts, was also present, 

Three persons were nominated to succeed the late Col. George B. 
McClellan, and the secretary was directed to correspond with them in 
the order they were nominated to ascertain their willingness to serve 
as a member of the Commission. 

The Commission recommended to the Board of Regents the re- 
election of Mahonri M. Young, Charles L. Borie, Jr., Frederick P, 
Keppel, and the nominee selected to fill Colonel McClellan's place, 

The following officers were reelected for the ensuing year: Charles. 
L. Borie, Jr., chairman; Frank Jewett, Mather, Jr., vice chairman, 
and Dr, Charles. G. Abbot, secretary. 

The following were reelected members of the executive committea 
for the ensuing year: Herbert Adams, Gilmore D. Clark, John E, 
Lodge, Charles L, Borie, Jr. (ex officio), and Dr. Charles G. Abbot 
(ex officio). 

The chairman brought to the attention of the Commission the 
matter of the proposed prohibition of the use of sculptural bronze 
for castings and, after discussion, resolutions were approved to be 
sent to the Office of Production Management. 


Three miniatures, water color on ivory, were acquired from the 
fund established through the bequest of the late Catherine Walden 
Myer, as follows: 

5, “Portrait of G. D." by an unknown artist: from Sherman Reiley, New 
Haven, Conn, 

20. “Portrait of m Man,” by an unknown artist; from Sherman Reiley, New 

ai. “Bir, Nichol,” by John Wesley Jarvis (1750-1540), stened “Jarvis 1509 
N York"; from Mra. Dora Lee Curtls, New York City. 


Two miniatures, water color on ivory, “Roswell Shurtleff (1773— 
1861)" and “Anna Pope Shurtleff (1812-1881)," daughter of Roswell 
Shortleff, by unknown artists, were lent by Mrs. O, A. Mechlin, 
through Miss Leila Mechlin, 

One mininture, water color on ivory, “Captain Frederick Augustus 
Smith, U.S. A. (1812-?),” by Caroline Dorcas (Smith) Murdoch, 
was lent by Miss Leila Mechlin. 

One miniature, water color on ivory, “Portrait of a Boy,” by 
Joseph Wood (ab, 1780-1830), was lent by Mies Sarah Lee. 

An oil painting, “The Right Honorable Winston Churchill,” by 
Hal Denton, presented to the President of the United States by the 
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Mayor and the Council of Vancouver, British Columbia, Canada, 


was lent by the President of the United States, Franklin D. Roosevelt. 
LOANS TO OTHER MUSEUMS AND ORGANIZATIONS 


An oil painting, “The Visit of the Mistress,” by Winslow Homer, 
was lent to the Howard University Gallery of Art to be included in 
at exhibition of “Paintings Showing Negroes in America” from 
March 2 through April 12, 1942. (Returned April 17, 1942.) 


An oil painting, “Portrait of Mr. Justice Brandeis,” by Joseph 
Tepper, was withdrawn on the order of Paul A, Fround and re- 
turned to Joseph Tepper, the owner, on November 3, 1941, 

An oil painting, “Portrait of Lady Evelyn Cook," by John Hopp- 
ner, R A., was withdrawn by Thomas Davis Leo, administrator of 
the estate of Mrs, Arthur Lee, on February 13, 1949. 

Three oi! paintings, “Portrait of a Boy? by Joho Hoppner, KR. A.: 
“Portrait of a Girl,” by John Opie, R. A.: and “Study of Ruins,” by 
Richard Wilson, R. A., were withdrawn from the collection lent 
by the estate of Henry Cleveland Perkins by the owner, Miss Ruth 
Perking, on March 12, 1949, 

Two mimatures, water color on ivory, “Virginia Casterton” and 
“Mme. Tamalcai Miura,” by Eda Nemoods Casterton » Were withdrawn 
by the owner, Mrs, Casterton, on May 96, 1949, 


LOANS RETURNED 


Three pieces of seulpture by Edward hemeys, “Fighting Panther 
and Deer" (bronze), “Bronze Wolf” (No, 3), and “Bronze Wolf 
(No. 4), lent with the consent of their owner, William Kemeys: 
“Grizzly Bear” (plaster No. 98), the property of the Smithsonian 
Institution, and a blue Sevres vase (Pell Collection No, STL), with 
a wooden base, lent to the Procurement Division of the United 
States Treasury on May 2, 1938, to be placed in. the Reception 
Room, Union Station, were returned December 18, 1941. 


THE NATIONAL COLLECTION OF FINE Airs 
Because of the transfer of the librarian, Mrs. Lucile T. Barrett, to 


Mobile, Ala., in February 1942 there is no report of details available, 
as a new librarian lines not been appointed, 7 
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EPECIAL EXNINITIONS 


The following exhibitions were held: 7 

August I through September 30, 1947 —Exhibition of 92 miniatures 
lent by Count and Countess Bohdan de Castellane, of Washington, 
Dp. C. 

December & through 31, 19417.—Esxhibition of 23 oils and 80 walter 
colors by Roy M. Mason, N, A., of Woodchuck Hollow, Batavia, N. Y. 

January 7 through 31, 1042—Exhibition of 26 oils and 38 prints: 
and drawings, by Antonio Rodriguez Luna, of Mexico, sponsored by 
the Mexican Ambassador and the Pan American Union, | 

January 15 through March 1, 1942—Exhibition of 54 pieces of jade 
lent by Georges Estoppoy, of Newark, N. J. 

February § through 27, 1042—Exhibition of 20 paintings on metal 
and 4 prints by Buell Muilen of Lake Forest, Tl. 

April & through 28, 1942—Exhibition of 80 oils, 36 water colors and 
5 prints, by members of the Landseape Club of Washington, D.C, 

May 12 through 28, 1942—Eshibition of 15 plaster busts by Marina 
Nuiiez del Prado of Bolivia, sponsored by the Bolivian Minister and 
the Pan American Union. 

June l throwgA 28, 1442—Exhibition of 17 oil paintings and 87 
pencil drawings, lithographs, and water colors, by Ignacio Aguirre, 
of Mexico, sponsored by the Mexican Ambassador and the Pan :Amer- 
iean Union, 

PORLICATIONS. 

Totsan, BR. PL Report on the National Collection of Fine Arts for tbe year eniiad 
June 3, 1M. Appendiz 3, Report of the Secretary. of the Smithsonian 
Tustitution for the year ended June 80, 1041, pp. 45-0. 

Cooce, J. A. Report on the Freer Gallery of Art for the year ended Inne 30, 
M1, Appendix 4, Report of the Secretary of the Smithsoning tnailivtlon 
for the yoor ended Jone 30, 11, pp. Si-f5. 

Respectfully sulimilted. 

R. P. Totatan, Acting Director. 

Dr. C, G, Annor, 

Secretary, Nmithsonian Institution. 


APPENDIX 4 
REPORT ON THE FREER GALLERY OF ART 


Sm: I have the honor to submit the twenty-second annual report 
on the Freer Gallery of Art for the year ended June 30, 1942, 





COLLECTIONS 
Additions to the collections by purchase ore nas follows: 
MLAS 


423 8 =Persinn, dnted 1197 (A. 1D, 1715). Made by "“Abd-abAtiomah, Astro 
labo A northern imstrament fitted with a ring and handle for 
suspension, 9 Tele or ‘ankalGl, three pexpartite tablers, an allidinda 
equipped with alghta, a pin and a bolt, Inacripthons, tnecliiing aigna- 
fire, In maakt acript. Diameter: 0.120, 

41.10) 3 Byrian (Damaseus?), mid-thirteonth century. Mogul school, A eqn- 
teen with o plt in one aide end a strainer in the neck. The outer 
surfaces ore decorated with designs of both Christian and Islamic 
otligin executed in-eilver inlay, and inetude Inscriptions written in 
Rule and in meskAd seripts. Height: O447; diameter: 0.305; depth: 


OTL 

415. Chinese, late Choy aynnrty, cires FOO-S00 TOA large bell, with twa 
confronted bird forme on the top. Decorition tin might reef, details 
incised, Gry-green patination. 0.683 x 0470 over all. 

1 0 Chines, exrly Chon dynasty, twelfth-cleventh centiry BC A cere 


menial weesel of the type luo, with a cover in the form of « homnan 
face with horms, Patination: outslihe, gray green with sparse mala 
chite incrustations: Inside, gray, gray-creen, malachite, | 
asurite, anid caleareous deposit. 0.182 x 1210 over all. (Uhawtrnted.) 


Fate 


428 Chinese, early Chou dynisty or eariler, A pelated torplement for 
loosening knots; plerced for suspension. Somewhat traniucent pale 
Eray-green nephrite with palo tan mottting, The handle carved tn 
silhovette and counteranek linear rellef to represent 4 Jong-halred 
hmman figure seen in profits, Length: 0.108 over all 


4234424. Arnobic, thirteenth century. Two leores from a Qur'dn. The text ts 
written In naekhd script, whley le drawn. in bluek ontiine and filha 
44 
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A RECENT ADDITION TO THE COLLECTION OF THE FREER GALLERY OF ART. 


Secetiaty's Report, "W2—Appendia 4 PLATE Z 
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RECENT ADDITIONS TO THE COLLECTIna 


° OF THE Frees GALL en y ir AGT. 


i oo es ee — ee 


‘REPORT OF THE SECRETARY 45 


in with gold; vowels snd orthographical sigue in blue and (oc. 
cational) ret Mluminoted versestops ond marginal ornaments. 
Paper loaves: 0.455 x 0.345. 


PAINTING 
#210, Ambie (Sorthern Mesopotamia), AD. 181 Amida. An iustration 
from a copy of alJagari's treaties on automata, Kitds Af mo'arifat 


al-biyal al-handosiya: the face of the water clock called “The Clock 
of the Drummer” Painted In fall color and: gold: tert in black 


naskhi script. Vapor leaf: 0.808 x 0.215. (One of = set: 8071-77, 
#210. 


427, Chinese, Ming dynasty. By Ni Yilon-lo (1083-1044). Six flower aprya 
Ink on paper, Seven iuscriptlons, 1) seala. ‘Signature. Makimono: 
0.260 x 2.130. 
#201— Persian, thirteenth-fonrteenth century, Two leaves from o Sidhndmoah 
4212 With Wustrations painted in color and silght gold as follows: 
#211. Rustam confronting the Turmnian, Piisam; horsemen on a 
red ground. 0.000 2 0.240, 
$2.12. Kal Khusraw crosslig the water of Zicih, 0.188 5 0241. 
Text in w delicate seskAt script. Paper loaves (trimmed): 0370 = 
0.808; O87 x ORI, 
422 = Perslan, Mongol (I-Khan) period, fourteenth century. ‘Tabris school, 
An Ulnstration from a Shdhedmah:? Shih Nashinwin bestows largess 
upon his minister Bozurjmibr. Pulited in fall color and gold, Text 
in black mowkAl script, tithes fo gold on blue and red gruunda Paper 
leaf: 0.412 x 0.206; painting: 0.155 10106 (One of a set: 23.6, 30.78, 
OO0.7D, 25.23, 3564, 285, 422) (Tinwtrated,) 


4.12 Arable (Egypt) tenth-eleventh century (7). Fatimid period. A large, 
restored), Body of soft, white clay, curered with an opaque ercam- 
Whlte glaze. Decoration palnted tin gold luster with Iridescent reflec 
tiona. Enfic Inscriptions; potter's mark undernesth 0388 (diameter), 
(Tiinstrated.) 

6 Mesyitamlun, Rakka twelfth-thirteenth contury. A shailow bowl with 
broad everted rim; bold fovt-ring (ome perforation), oft, sandy, 
white clay covered with a transparent, greeniah-white glaze: greas of 
pearly irideseenoe due to decay. Decoration painted over glame fo 
Eolden-brown luster; four spote of turquoise blue. Two naakAl in- 

41.1. Peralan, dated G07 (A.D, 1210). Eashin Signed by Sayyid Shamne-ail- 


Gin al-Hasank A pinte with sealopedd, uptight aides and a narrow, 
aroeved Fim (broken, repaired anil, in places, restored). Boty of eft 


white clay covered with an opaque, creum-white glaze Decoration 
palnuted tn golden-brown loster with ruby refiectiona Marginal in- 
scription, Including the signature and date, 0.087 x 0352 (diameter), 
429. Syro-Egyptian, thirteenth century (7). A deep bowl (broken and re- 
paired). Body of soft rosy-boff clay covered with a white slip under 
transparent glare of greenish cast (crazed). Dveortion painted in 
frown on the alipmorber giom. 0,05) x 6.14. | 
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The work of the curatorial staif has been devoted to the study 
recording of the new acquisitions listed above, and to other Arabic, 
Chinese, Japanese, Persian, Syrian, and Syro-Egyptian art objects 
either already in the collection or submitted for purchase. Ot 
Arabic, Chinese, East Indian, Japanese, Persian, European, and Amer- 
ican objects were sent or brought to the Director by their owners for 
information as to identity, provenance, quality, date, or inscriptions, 
fi ull, 770 objects and 935 photographs of objects were so sulmnitted, 
and written or oral reports upon them were made. Written transla- 
tions of 41 inscriptions in oriental Jancuages were made npon request. 
In addition to this regular curatorial! work, tatich time during the 
winter and spring has been spent by members of the staff upon work 
connected with the war. 

Two hundred and thirty-six changes were made in exhibition aa 
follows: 


Amerian painting... — Se 
American DO 7 
Chinese a el 1 

















Chinese gutd andiron.-—_ lg 
Chinese allver = ed ee es ee ey 
Cilnens gtivergiite ee —. 6 
Chinese pottery YY 
Japancse painting ae, 
dapanese pottery... , eee ig 
Syrian brass aod silver Se | 





Repairs to the collection were as follows: 
Ametican polntinga  ._ 





Chlnese bronze —— a a ee, 
Ciimieset pel pabiting 2 ee = 1 
Chintse a = nee ls. 2 1 


Jupanem sereene ———. Ff 
_ A seale model of a Japanese print-maker’s workshop was made 
for the Division of Graphic Arts. Smithsonian Institution. 





The Gallery hus been open to the public every day from 9 until] 4:30 
oelock, with the exception of Mondays, Chrictmns Day and New 
Year's Day. 

The total attendance of visitors coming in at the main entrance was 
87,812. Serenty-cight other visitors on Mondays bring the grand 
total to 67,890. The total attendance an weekilays, exclusive of Mon- 
days, was 57,240; Sundays 30.572. ‘The avernge weelcday attendance 
Was 222 persons; the average Sunday attendance 688. The highest 
monthly attendance was in August with 1¢,055 visitors: the lowest in 
Janvary with 4,417 visitors. | 
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There were 1,223 visitors to the main office during the year. The 
purposes of their visits were as follows: 














Por gmeral (iformatlan oo. See ee 
To eee objecte-In stommgew 0 
Fur Enstern palntings 2 tsa 
Near Eastern palutings and inmnoseripip 7 
Bust Indian paintings and miannseripfa oo = sgt 
American printings P= 
Wilco cn SS ach he So ee 2 
Orlental pottery, jade, brones, sculpture, lacquer and bamboo. 80 
Byrne tag ee | 
Weshingion Mantacripis _ ge ge ge eel a 
To read in the libraryou Se a “Se 
Tu make tracings an sketches from Ubrary bodke = T 
Toa see the bouilding and Inetafintion == a. 
To obtain permission to photograph or sketeh_ = a 
To submit objecty for ecmimminatlonn gy 
To see members of the sinff.. ee eee ees re 
To see the exhibition galeries on Monday. 19 
To examine or purchase photographs. 


LECTURES AND DOCENT SERVICE 


One lecture by «staff member was given to a woman's club organiza- 
tion (20 members) ; § groups (total 81 persons) were given instruction 
in the study room; 1 group (20 persons) was given docent service in 
storage rooms, and 9 groups (total 190 persons) were given docent serv- 
ice in the exhibition galleries. The total number of persons receiving 
such services, by request, was $11. | 

A. series of lectures upon air-raid precautions, addressed to Smith- 
sonian and Freer Gallery employees, was given in the auditorium by 
Kenneth M. Perry of the United States National Museum, June 9, il, 
and 13, 1942; total attendance, 97. 


PEESON NEL 


Grace T, Whitney worked intermittently at the Gallery from No- 
vember 3, 1941, to June 22, 1942, on the translation of Persinn texts. 

On March 7, 1942, Margaret B. Arnold resigned as assistant after 2 
years of service, 

Miss M. Eleanor Morsell was appointed to succeed Miss Arnold on 
May 1, 1949. | 

On June 16, nfter a month's serious illness, occurred the death of 
Carl Whiting Bishop, associate in archeology. Mr. Bishop became 
a member of the Gallery staff April 10, 1922, to worl in his chosen 
field of Far Eastern archeology. From 192% to 1927, and again from 





48 ANNUAL REPORT SMITHSONTAN 


1929 to 1904, Mr. Bishop was in charge of the Freer Gallery field 
in Shansi Province as well as general surveys of burial sites of the 
historic period. He published numerous articles upon these aubjects 
in various journals, being widely known as an authority on the earlier 
phases of Chinese culture, His death, at 61, is a. matter of deep regret 
to his colleagues. 

Other changes in personne! ure as follows: 

Appointments: Glen P. Shephard, guard, July 20, 1941; Edith B. 
Bauer, attendant (intermittent), October 19, 1641; Thomas J. Rey- 
nolds, guard, January 14, 1942; V, Lee Turner, attendant (intermit- 
tent), February 1, 1942; Florence E. James, attendant (intermittent), 
May 3, 1912; Alice E. Hall, charwoman, May 7, 1942: Frank M. Mur- 
phy, guard, June 6, 1942; Milton V. Harpor, attendant. (intermittent), 
dune 21, 1942. | 

Separations from the service: Mary ©, Burke, attendant (intermit- 
tent), resigned October 1, 1941; Joseph P, Germniller, guard, retired 
from active duty December 8, 1941; George W. Grigsby, attendant 
(intermittent), resigned January 26, 142; V. Lee Turner, attendant 
(intermittent), resigned February 27, 1949: James Rice, attendant 
(intermittent), resigned March 1s, 1942; Ollie Smoot, charwoman, 
resigned March 17, 1949; Edith B. Bauer, attendant (intermittent), 
resigned April 15, 142; Oliver W. Puckett, guard, resigned May 26, 
1042; Thomas J. Reynolds, guard, resigned June 30, 1949, 


ly submitted, 
Dr. C. G. Anpor, 
Secretary, Smithsonian Institution. 





APPENDLEX 5 
REPORT ON THE BUREAU OF AMERICAN ETHNOLOGY 


Se: I have tha honor to submit the following report on the field 
researches, office work, and other operations of the Bureau of American 
Ethnology during the fiseal year ended June 90, 1022, conducted mm 
accordance with the net of Congress of April 5, 141, which provides 
4® © © for continuing ethnological researches among the American 
Indians and the natives of Hawaii and the excavation and preservation 
of archeologic remains. * * *” 

During the fiscal year, the energies of the Bureau have been diverted 
to an increasing extent to activities concerned with the war effort. In 
particular, members of the Bureau staff have cooperated with the 
Ethnogeographiec Board, and it is expected that diversion of effort in. 
this direction will increase as the war continues. Activities concerned 
with Latin America have likewise been emphasized. 








SYEIEMATIO ESE nC HeEs 


M. W. Stirling, Chief of the Bureau, left Washington for Mexico 
early in April 1942 in continuation of the program of work for the 
Smithsonian Institution-National Geographic Society archeological 
project in southern Mexico, A visit of 2 weeks was made to the site 
of La Venta in Tabasco, where Dr. Philip Drucker was conducting 
excavations on the same project. From La Venta, Mr. Stirling went 
to ‘Tuxtia Gutierrez in Chiapas in order to attend the archeological 
conference held under the sponsorship of the Sociedad Mexicana de 
Antropologia. While in Chiapas opportunity wns taken to visit vil- 
lages of the Zoque, Tzotzil, and Chamula Indians. A trip was also 
made to the ancient Maya ruins of Palenque, where a week was spent 
at the site, Mr, Stirling returned to Washington early in June. 

The remainder of the year was spent in Washington administering 

id in the preparution of reporta dealing 


the affinirs of the Bureau a 
with the work in Mexico. 

Dr. John R. Swanton, ethnologist, devoted the greater part of the 
fiscal year to digesting and earding the extant materinls in the lan- 
guage of the Timucua Indians of Florida, « language which passed out 
of existence eurly in the eighteenth century, He also devoted some 
time to the revision of « large general paper on the Indians of North 

40 
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America. This manuscript has not been submitted for publication as, 
owing to its size, there is little likelihood of its being printed in the near 
fiture. A brief paper was prepared on The Evolution of Nations, 
atid this was published in the series of War Background Studies of 
the Smithsonian Institution, 

Dr. Swanton has also continued to serve as the representative of 
the Institution on the United States Board of Geographical Names. 

Dr. John P. Harrington, ethnologist, conducted field work during 
the year on two problems involving linguistic studies of Aleut, the 
language of the islands bel ween Asia and America, and of Athupascan, 
the language of the northern Rockies, of a large part of the Pacific 
coast, and of the southern deserts. He left Washington in August 
1941 to visit the Aleutian Islands, where he was fortunate enough to 
seoure the services of Ivan Yatchmeneif, son of the Onalaska chief. 
The Meuts consist of three divisions, popularly known ns Unalns- 
kans, Atkung, and Attuans, but all of them are under the Umilaska 
chief, Working on St. Paul Island, famous se (he breeding place of 
the fur seu), and elsewhere, he made a complete stody of the sounds 
and grammar of the language, with the result that it proved to be a 
penetrunt from the American side, a typically American language of 
eastern origin, which has penetrated westward never quite to cross the 
Aleution Chain, ‘The Unalaska dialect is related to and undoubtedly 
derived from the language of the Alaskn peninsula. ‘The fact that the 
Chain was occupied by an American languaye is important because 
of its possible fundamental relationship to the Athapascan stock of 
inland Alasica. 

A byproduct of the field studies was the obtaining of o probable 
etymology of the name “Aleut” which differs from those previously 
offered by other investigutors. The name is still pronounced with 
three syllables in Russian, as Al-e-ut, and is the same as the tribal 
name “Aglimyut,” in modern usage apphed to a Bristol Bay tribe. 
The name of the high hill on St. George Island also omits the interior 
m, just as it is omitted in the word “Aleut.” Early Russian usage 
took over (he name with inclusive application, which later became 
crystallized mto application to speakers of the Aleut language alone, 
although the Kodiak Ielanders are still spoken of in Russian and 
Aleut as the Kodiak Aleuts, even wt the present day. 

Following the Aleutian work, Dr. Harrington proceeded to British 
Columbia, where he undertook studies of the relationship of Navaho 
and Apache with the Athapascan stock of the northernmost Rocky 

fountains. ‘This relationship was first reported by Horatio Hale 
ered traditions that the Chilcotin language had formerly occupied 
the Nicola Valley. and was able to obtain a large number of Chilcotin 
words in that region, handed down in individual families, Following, 
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this lead, he was nble to discover individuals who had in their remote 
youth wetually epoken the extinct Kwalhioqna and Tintekanai dialects 
of Washington and Oregon, und to recover vocabularies of these with 
all their original phonetics, He also recorded the tradition that the 
Upper Umpqua language of what is now the vicinity of Roseburg, 
Oreg., had come from the Kwalhioqua, The Roseburg language is 
related to the languages of the Rogue River region of southern Oregon 
and those of northern California, In confirmation of these findings, 
he obtained the tradition that the Blue Lake Indians had come from 
the south bend of the Smith River, far to the north. Dr, Harrington 
hos traced the Chileotin or Chileo language all the way from Lake 
Chilcotin, which drains into the Fraser River, to the head of Eel River 
in northern California. This work hag demonstrated that the Eel 
River language is merely a Chileo dinlect which has drifted south, 
Tho exact provenience of these southern tongues is Dr. Harrington's 
present goal, 

At the beginning of the fiseal year Dr. F rink H. H. Roberts, Jr., 
wns engaged in archeological excavations at a site on the north rim 
of the Staked Plains, 1024 miles south of the town of San Jon, 
N. Mex, ‘These investigations were continued until September (. 
The work produced evidence for an interesting sequence of projectile 
points und other urtifuct types and new information on come phases 
of the aboriginal cceupation of that portion of the Southwest. The 
oldest archeological material present was found to be in association 
with bones from an extinct species of bison and in the same stratum 
as mammoth remains Indications are that, although from a dif- 
ferent complex, this material probably dates from about the end of 
the Folsom horizon some 10,000 to 15,000 years ago. Between this 
level and the next in the series there was o gup of un, as yet, tn- 
determined although appreciable length of time. During this inter- 
val the large bison were replaced by o smaller species, the modern 
buffalo, From the start of the second stage down to protohistoric 
times there was no break in the occupation of the area investigated, 
and the points and artifacts were found to progress from forms 
aimilar to those found in the Texas area to the enst to those com- 
monly aasociated with Inte sites in many parts of the country. The 
specimens from the second level belong to the so-called Yura ¢ate- 
gory, and the evidence fram San Jon indicates that chronologically 
they are much later than hitherto suppesed. The artifacts from the 
late horizon show that several! different Indinn groups used that 
area as hunting territory. In the light of present knowledge, haw- 
ever, it is not possible to identify the specific groups from the urti- 
fact types. 
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In keeping with the Smithsonian Institution's policy of coopera- 
tion with and aid to other institutions, Dr, Roberts took leave from 
July 28 to August 9 to give a series of lectures on Southwestern 
archeology and to direct student excavations at the University of 
New Mexico Field Session in the Chaco Camyon, N. Mex. During 
his absence, the work at San Jon was continued under the supervigion 
of Eugene C, Worman, Jr., of the department of anthropology, 
Harvard University. Frou. the Chaco Canyon, Dr. Roberts re- 
turned to Sun Jon, and, upon completion of the work there, returned 
to Washingt 

The fall te winter months were spent in regular office routine; 
in the preparation of a manuscript entitled “Archeological and 
Geological Investigations in the San Jon District, Eastern New 
Mexico” for publication in the Smithsonian Miscellaneous Collec- 
trons; in library researches for information for and sponsoring 
programs on Carthage, Zebulon M. Pike, and Babylon for “The 
World Is Yours” broadeasts; in organizing nir-raid protection groups 
for the Smithsonian building and serving as building warden under 
the Public Buildings Administration Civilian Defense program: and 
m assisting in the preparation of material for evacuation to storage 
places outside of Washington, 

On June 27 Dr. Roberts left Washinton for Newcastle, Wyo., to 
inspect a site on the ager ea where animal bones and arti- 
facta were reported to be eroding from a gully bank and possible 
valuable information was in danger of being lost through the action 
of natural agetcies. This investigation was just starting at the closes 
of the fiscal year. 

Dr. Julian H. Steward, anthropologist, continued his activities as 
editor of the Handbook of South American Indians. On September 
2, 1941, Dr. A. Métraux was appointed to assist Dr, Steward in the 
preparation of the Handbook. 

At the end of the fiscal year, completed manuscripts totaling about 
600,000 worda had been received from approximately 90 contributors. 
Half of the contributions are from Latin American scientists, while 
the remainder are from North American specialists on Middle and 
South American Indian tribes, The very important tribal map 

ering a large portion of South America was completed for the 
Handbook: by Curt Nimuendaju and is now in Dr. Steward’s hands. 
A. collection of photographs of South American Indians was begun, 
and between 4,000 and 5,000 bibliographic items had been sesembled. 

From February to Moy 1942, Dr. Steward visited Brazil, Argen- 
tina, Paraguay, and Chile, where he conferred with Latin Amaracee 
anthropologists and arranged for their cooperation in matters per- 
taining to the Handbook. He wlso discussed plans for the formation 
of an “inter-American anthropological and geographie society.” for 
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the development of cooperative anthropological and geographic re- 
search, and for the expansion of the exchange of publications, 
During this visit, Dr. Steward was made an honorary member of 
Academia Guarani of Paraguay and Sociedad de Antropologia de 
Argentina. 

Dr, Steward bas also served during the year as a member of the 
Policy Board of the American Indian Institute, the Advisory Board 
Strategic Index, and Publications Subcommittee of the Joint Com- 
mittee on Latin American Studies, 

During the pust fiscal yenr, Dr. Henry B. Collins, Jr. ethnologist, 
vantinued with the study of archeological materials from prehistoric 
Kakimo village sites around Bering Strait, In April he presented 
a paper at the annunl meeting of the American Philosophical Society, 
at Philadelphia, in which he discussed the relationships between pre- 
historic Eskimo culture and recently described N eolithic remains from 
ithe Lake Baiknl region, southern Siberin, which have been regarded 
as the source of the basic American Indian culture. The paper, 
which is to be published in somewhat expanded form im the Proceed- 
ings of the Society, points out a number of close resemblances between 
the oldest Eskimo oultnres—which probably date from around the 
beginning of the Christian era—and the Siberian Neolithic. The 
older stages of culture elsewhere in America, such as Folsom and 
Sandia, exhibit no such resemblances; it secms unlikely, therefore, 
that the Siberian Neolithic was the reservoir from which American 
culture in general was derived. 

In the latter part of the fiscal year, Dr. Collins devoted considerable 
time to work in connection with the war effort, including the prepara- 
tion of Hlustrated reports on various strategic areas. Preparation 
was alco begun on a general paper on Alaska for the Smithsonian 
War Background Studies. 

Dr. William N. Fenton, associate anthropologist, devoted the 
summer months of 1941 to the preparation of an introduetion to his 
materials on Iroquois medical botany. Since a surprising number of 
Indian herbs have been taken into our pharmacopoeia, it was decided 
to publish the section on Contacts between Iroquois Herbalism and 
Colonial Medicine, » unit of itself, as an article in the appendix to 
the Annual Report of the Smithsonian Institution for 1941, reserving 
the balance of the study for a longer monograph. 

In November, Dr, Fenton went to Brantford, Ontario, to work with 
Simeon Gibson of Six Nations Reserve at translating Onondaga texts 
bearing on the Iroquois League which his father, Chief John A. Gibson, 
had dictated to the late J. N. B: Hewitt. .Of these the principal manu- 
script isa 189-page version in Onondaga of the “Deganawi'dah” legend 
of the founding of the Iroquois confederacy. Some 13 years later, 
Chief Gibson dictated a longer version of the same legend to Dr. Alex- 
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ander Goldenweiser, and this manuscript wae turned over to Dr, Fen- 
ton some years ago by its collector. A translation of the Hewitt 
manuseript was completed tn the field, and this has been reworked in 
part during the winter, Plans were mode to translate the Golden- 
welser manuscript during the ensuing year. 

Two other research projects continued through the year. New mate- 
rials were discovered by Dr. Fenton's collaborators in a-study of Corn- 
planter’s Senecas on the upper Allegheny River, mentioned im the 
report of last year, and the search for journals of the Quaker missions 
after 1708 has continued with some success, Ip this work Dr. Fenton 
acknowledges the labors of Mesers. M. WH. Deardorif, of Warren, Pu., 
and C. E. Congdon, of Salamanca, N. Y., in transcribing manuscript 
sources and collecting much new material in the field, _ 

The second project was conceived several years ago to fulfill a grow- 
ing need among Americanists for an English edition of J. F. Lafitau's 
important but now rare Moeure des Sauvages Asmeriquains (2 vols, 
Paris, 1724), Dr. Hlizabeth I. Moore, of Parkersburg, W. Va., one- 
time member of the French department at St, Lawrence University, 
has undertaken the translation, and nt the end of the year had com- 
pleted, under Dr, Fenton’s direction, the translation of those sections 
in volume 1 which include Lafitau's observations of the American gnayv- 
nes at his mission among the Mohawks of Caughnawaga and the 
Abenaki of nearby St. Francis, omitting for the most part long ex- 
tracts from contemporary and earlier works that Lafitan felt, obliged 
to copy. In order to conserve the Burean’s copy of this rare work, « 
microfilm copy was made, which is fortunate since the original library 
copy has been evacuated for the duration. 

_Early in March Dr, Fenton commenced compiling, with the help 
of Drs. Métraux, Collins, and Steward, a cumulative list of anthropolo- 
gists arriving in Washington for war work and the agencies in which 
they were employed. 

Following appointment to the Smithsonian War Committes on April 
1, a large proportion of Dr. Fenton's time and efforts have one into 
the work of the Committee, of which he has served as secretary At 
his suggestion the Committee drafted and distributed questionnaires 
soliciting basic data for “A roster of personnel, world travel, and spe: 
cial knowledge available to war agencies at the Smithsonian Institu- 
tion,” and by early June the roster had been ushered through a pre- 
liminary and a first edition. The Smithsonian roster was patterned 
after personnel lists of the Oceania committee of the old "Ethnographic 
Board” of the National Research Council, and through theses contacts 
the Smithsonian participated in setting up the Ethnogeographic 
Board, At the end of the fisoal year Dr. Fenton was detailed to act 
#3 an assistant to the director of the Board, Dr. William Duncan 
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During the year, Dr, Fenton delivered several ‘illustrated lectures 
presenting some of the results of his studies of Lroquois culture, 

‘At the end of the fiscal year manuscript entitled “Songs from the 
Troquois Longhouse; Program Notes for an Album of American In- 
dian Music from the Eastern Woodlands” was aceepted for publica- 
tion by the Institution to accompany an album of phonograph records 
by the same title which the Archive of American Folk Song, Library 
of Congress, is bringing out as volume 6 of Folk Music of the United 
States. 

Dr. Philip Drucker, assistant anthropologist, devoted the first half 
of the fiscal year to analysis of the pottery collections made in 1041 by 
the Smithsonian Institution-National Geographic Society expedition 
at Cerro de lus Mesas, Veracruz, Mexico, and the preparation of a re- 
port on this material, Ceramic Stratigraphy at Cerro de las Mesas, 
Veracruz. Thanks to the cooperation of the Department of Archeol- 
ogy of the Mexican Government, he was able to study comparative col- 
lections of materials stored in the Museo Nacional de Mexico from 
adjacent regions, which greatly facilitated the placing of the Cerro de 
las Mesas culture. It was found thut this site was occupied from a 
time level corresponding to that of Teotihuacdn IT of the Highland 
eultures until shortly before the Spanish conquest. The Ninth Cyele 
dates discovered in 1940 probably belong to the early period of oc 
eupation at Cerro de las Mesas. Of added interest is the fact that these 
dates are not only of importunce to the archeology of the Gulf Coast, 
but in addition are the first actual carved dates even indirectly refer- 
able to the important center of civilization of the Mexican Highland, 
Teotihusein. Following the period of Teotihuscin influence, a new 
det of influences appeared, probably an actual immigration, of Mixte- 
can people who brought with them their pottery craft, so that during 
the Upper Period at Cerro do las Mesas great quantities of Mixtecan- 
type (Cholultecan) wares were made. The modern designation of 
this coastal region as the “Mistequills,” incidentally, thus may be seen 
to be a well-based ethnic identification. 

In the latter part of January, Dr. Drucker set out for the site of La 
Venta, in northwest Tabasco, where discoveries mm 1940 indicated the 
importance of the place as an ancient cerem onial center. Eacavations 
wore carried out, aimed primarily at recovering stratigraphic material 
for the analysis and placing of the site in relation to the Tres Zapotes 
and Cerro do Ins Mesas “pottery yardsticks” established in former 
yeare, and for comparisons with material from more distant cites ne 
well, Toward the end of the season some exploratory excavations were 
undertaken in structures at the site, especially in the large ceremonial 
patio. These efforts were rewarded by the finding of an elaborate 
tomb of basalt colamns, and a number of pieces of small but exquisitely 
carved jude. Most of these jade pieces represent tho little-known art 
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style often designated “Olmec,” and are ainong the first of auch objects 
to have been scientifically excavated. Their study will be important in 
defining and placing this art in its proper cultural context. 

At the conclusion of the work, the materials were brought to Mexico 
City, where a division was made with the Department of Archoologs 
of the Mexican Government, The entire body of stratigraphic ma- 
teriils, and a part of the remaining objecta, were then shipped to 
Washington for purposes of study. 


At the beginning of the fiscal year, Misa Frances Densmore 
collaborator of the Bureau, began the recording of Omaha songs at 
Macy, Nebr., on the Omaha Reservation. Musicul studies had been 
made among the Omaha by Miss Alice ©. Fletcher prior to 1893, 
and Miss Densmore wished, if possible, to contact singers who had 
recorded for Miss Fletcher and also to obtain duplicate recordings 
for comparative purposes. Among the older Indians, Miss Dens- 
more located three singers, Edward Cline, Benjamin Parker, and 
Mattie Merrick White Parker, from whom songs had been obtained 
by Miss Fletcher. Miss Densmore recorded 22 songs from this 
group, including several which had been sung for Miss Fletcher. 
doseph Hamilton and Henry J. Springer, who had been too young 
to sing for Miss Fletcher, were familiar with the eongs of old war 
Societies and recorded 33 songs. A third group comprised younger 
men, George RK. Phillips, Robert Dale, and John G, Miller, from 
whom 6 songs tonnected with the first World War were obtained. 

Some of Miss Fletcher’s published Omaha songs were played on a 
piano and were recognized by the Indians as having been recorded 
for her. Miss Densmore obtained new recordings of these which 
were transcribed and compared with the versions presented by Miss 
Fletcher. It was noted that while the general effect of each milody 
is the same in both versions, differences are rather marked. An ade 
quate comparison of the singing of these songs in the two periods 
of time could be made only if the original recordings were synilabl« 
for comparison with the records made in 1941. In contrast to the 
differences in these serious songs, it was said that the song of the. 
hand game, presented hy Miss Fletcher, is in use at the present time. 
This was re-recorded for the present work, and the two versions 
differ only in the omission in the new recording of a few bytones, 
From this it appears that songs in common use are preserved among 
the Omaha without ee wile songs connected with ancient ene. 
toma or ceremonies, which have not been for many vears. 
being forgotten and will soon disappear. a vt ge 

Miss Densmore also obtained from Benjamin Parker a eis 
und a model of an old type of drum, In former times the evlinder 
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of this drum was a charred log, preferably of oak or elm. The 
lower head was of hide from the lower part of » buffalo’s neck, and 
the upper head, which was struck, was made of deer hide or the hide 
from o hindquarter of an elk, These heads were laced together 
with buffalo thongs and tightened with bits of wood in the lacing, 
a custom not observed previously among the Indians. | 

During the year Miss Densmore arranged in final order 245 songs 
to accompany her manuscript on Seminole music nnd revised por- 
tions of the text to conform to this arrangement of the material. 

In December 1941 Miss Densmore was appointed as consultant at 
The National Archives for work in connection with the Smithso- 
nian-Densmore collection of sound recordings of American Indian 
music, and during the ensuing months she was engaged in planning 
the organization of the collection. 


EDTIGHIAL WORK AND PURLICATIONS 


The editorial work of the Bureau has continued dormg the year 
under the immediate direction of the editor, M. Helen Palmer. 
There were issued one Annual Report and three Bulletins, as follows: 


Fifty-eighth Amun! Report of the Borean of American Ethnology, 10-1041. 
13 pp. 

Bulletin 129. An archeological survey of Pickwick Basin In the adjncent 
portions of the States of Alabainn, Misxiestppl, and Tennessee, by William S. 
Webb apd David L DeJarnette, With additions by Walter B, Jones, J.P. 
Morriaon, Marahall T. Newman and Charies BE. Snow, ond Willlom G. Hang. 
G8 pp. 310 ple, 09 text tgs. 

Bulletin 190. Archoologin! Investignilona at Buena Vista Lake, Kern 
County, Californian, by Waldo BR. Wedel. With appendks, Skeletal remains from 
the Ftuena Vista gltes, California, by T. D. Stewart 1h pp. BF ple, I text 


figs 

Bulletin 191 Penchtree Mound and riflage elite, Cherokee County, North Curo- 
ina, by Prank M. Setsler and Jesse D. Jennings With appendix, Skeletal remains 
from the Peachtree Site, North Carollon, by T. D. Stewart 103 pp, © ple, 
12 tozt figa 


The following Bulletins were in press at the close of the fisoal year: 


Bulletin 182. Source muterial on the history and ethnology of the Caddo 
Bulletin 128. Anthropological papers, numbers 19-26: 
No, 19, A search for songs among the Chitimacha Indians in Louisiana, 
by Frances. Densmore. 
No. 20. Archeological survey on the northern Northwest Coast, by Philip 
Drucker: 


So. 21. Some jotes on a few sites In Beaufort County, South Carolina, by 
No. 22 An anilysie and interpretation of the ceramle remains from two 
sites near Bénufort, South Carolina, by James B. Griffin. 
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No. oh The eastern Cherokees, by William Tarien Gilbert, Jr, 
No. 24. Aconite poleon whaling to Asia and Americn: An Aleutian tranafer 
to (he New World, by Robert F, Helzer. 
No, 23, The Currier Indlins of the Bulkley Itiver: ‘Chelr social and re 
ligtous life, by Dimmond Jeuness 
No, 28, The quipa and Perovian civilization, by John RB. Swanton. 
Balletin 134. Native tribes of eastern Bollvla and western Matto Grosas, by 
Alfred Miétrame, 
Balletln 125 Origin myth of Acotmm and other tecoria, by Matthew W, 
Stirting. 
Bulletin 196. Anthropologieal papers, numbers 27-22 : 
No. 27, Music of the Indians of British Columbia, by Frances Densuore, 
No. 2S. Choctnw musie, by Frances Densmere: 
No 2, Same enthnological data concerning one buniired Yueatan plants, 
by Morris Steegerda: 
“No. 30. A deseriplion of 80 towns in Yoestan, 1997-0, with Intrednetory and 
explanatory remarks, by Morris Steegerda, 
No, Sl. Some western Shoshon) myths, by Julian BH. Steward. 
No, 82 New nutterial from Acoma, try Lesile A, White, 


Bulletin 137, The indians of the Southenstern United States, by John RK. 
Publications distributed totaled 11,631. 
LIBRARY 


There has been no change in the library staf during the fiscal year, 
Accessions during the fiseal year totaled 350. Volumes received by 
exchange have fallen off charply owing to the war, which has prac- 
tically stopped exchange except from Great Britain and her posses- 
sions and from South America, Several new exchange sets have been 
started during the year. 

The reclassification of the library is practically completed. The 
foreign society transactions and the foreign periodicals have been 
rethelved and a temporary chelflist made. The publications of Indian 
schools and missions have been elnesified, resliolved, and temporary 
ahelflist made. All available Library of Congress cards for periodi- 
cals in our collection have heen obtained, and these cards have been 
sorted anid will be prepared ns soon as time permits. 

The rare-book collection has been classified, reshelved, and shelf. 
listed, and Library of Congress vards were obtained for nearly all this 
collection. About 600 volumes of the rare-hook collection wers 
packed for shipment to war storuge in April, 

New books received during the year have been classified and shelf. 
listed and ure now on the shelf, The usuul work of recording new 
periodicals and society transactions and examining them for materin] 
of interest and for book reviews has been kept up to date, 


A beginning has been made on bringing analytical entries up to 
date, he American Anthropologist, American Journal of Physical 
Anthropology, American Antiquity, and other important sets have 
been brought up to date with main cards only, Other sets and sub- 
ject entries remain to be done. 

The librarian attended the meetings of the Inter-American Biblio- 
graphical and Library Society in February 1942, and assisted in the 
formation of a Map und Geography group im the Washington chapter 
of the Special Libraries Association. Talks by the librarian on the 
library and the rare-book collection were given before the Map group 
of the Special Libraries Association on January 6, 1942, and before 
the Museum group on March 10, 1942. 


ILLUSTRATIONS 


During the year Mr. E. G. Cassedy, illustrator, continued the 
preparation of illustrations, mapa, and drawings for the publications 
of the Bureau-and for those of other branches of the Institution. 


Collections transferred by the Bureau of American Ethnology to 
the Department of Anthropology, United States National Museum, 
during the fiseal year were as follows: 

Accenion 

Ae, 

1124. Cult objects from voodoo sliriues In Ube region of Croix des Bouquets near 
Port-au-Prince, Haltl, andl a emall lot of archeological oljects from 
Tortogs Island uff the nurth const af Hoitl; collect) by Dr, A. Métronz 

during the summer of 1h. 
archeologica] materinia from Ventura, Santa Barbara, Inyo, mod fern 
Counties, Calif., collocted by Dr, W. D, Strong In 1974. 





MISCELLANEOUS 


During the course of the year information was furnished by members 
of the: Bureau staff in reply to numerous inquiries concerning the 
North American Indians, both past and present, and the Mexican 
peoples of the prehistoric and early historic periods, Various spect- 
mens sent to the Bureau were identified and data on them furnished 
for their owners. 

Personnel—Dr, Philip Drucker was appointed on August 1, 1041, 
as assistant anthropologist; Dr. Alfred Métraux wes appointed on 
September 2, 1941, ns anthropologist; Miss Ethelwyn E. Carter was 
appointed on September 2, 1941, ns assistant clerk-stenographer ith Cutl- 
nection with the preparation of the Handbook of South American 
Indians; Mrs. Catherine M. Phillipe, junior stenographer, was pro- 
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moted to assistant clerk-stenographer on January 16, 12, in the 
editorial division, Smithsonian Institution, and Mrs. Ruth S. Abram- 
son Was sppointed on March 12, 1942, to fill this vacancy; W, B, Green- 
wood was transferred on February 12, 1942, to the United States 
National Museum, and on April 1, 1942, was reassigned to his former 
position in the Bureau library. 
Respectfully submitted, — 

M. W. Sruminc, (Asef. 
Dr. C. G. Ansor, 

Seeretary, Smithsonian Institution. 


APPENDIX 6 
REPORT ON THE INTERNATIONAL EXCHANGE SERVICE 


Sr: L have the honor to submit the following report on the activi- 
ties of the International Exchange Service for the fiscal year ended 
June 80, 1042: 

The congressional appropriation for the Exchanges was $44,550, 
the same amount granted for the previous year. As was done last 
year, the Department of State transferred $500 to the Exchange 
Service from an appropriation made by Congress to that Department 
for carrying on its work of increasing the cultural relations between 
the United States and other American republics. ‘This amount was 
used by the Exchange Service to send packages directly to corre- 
gpondents in Argentina and Brazil by mail instead of forwarding 
them in boxes to exchange bureaus for distribution, thereby greatly 
reducing the time required for packages to reach their destinutions. 
To all other South and Central American countries, as well as to 
Canada, Cuba, Dominican Republic, Haiti, Mexico, and Newfound- 
land, packnges of publications are transmitted by mail under govern- 

: l frank. The $500 was not sufficient to meet the entire of 
postage on all the packuges for Argentina and Brazil but the extra 
amount needed for this item was met from the congressional appro- 
priation for the Exchanges. The total available resources for carry- 
ing on the exchange work was $45,505.50, there having been received 
during the year on account of repayments $3,125.50. 

During the year 561,151 packages passed through the service, a 
decrease from last year of 15,131. ‘The weight was 326,406 pounds, 
4 decrease of 2,243 pounds. ‘The publications sent and received 
through the Exchange Service are classified under three heads: 
Parliamentary documents, departmental documents, and miseellane- 
ous scientific and literary publications. The term “parliamentary 
documents,” us here used, refers to publications set aside by act of 
Congress for exchange with foreign governments, and includes not 
only documents printed by order of either House of Congress, but 
also copies of each publication issued by any department, bureau, 
commission, or officer of the Government. Governments to which 
this class of publications are forwarded send to this country in ex- 
change copies of their own official documents for deposit in the Library 
of Congress. The term “departmental documents” embraces publica- 

al 
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— nite bu- 
reais, or commissions for distribution to their correspondents abroad. 
Publications received in return are deposited in the various depart- 
mental librnries. “Miscellaneous scientific and literary pulilicationa™ 
are received chiefly from learned societies, universities, colleges, scien- 
tific institutions, and museums in the United States for transmission 
to similar establishments in all parts of the world. 

Detailed figures under these three headings are given in the 
following table: 








Packages are forwarded abroad partly by freight to exchange 
bureaus for distribution and partly by mail directly to their destina- 
tiona. The number of boxes shipped was 599, a decrease from last 
year of 368, Of these boxes 304 were for depositories of full sets 
of governmental documents and the contents of tho remainder (295) 
were for depositories of partin! sets and for various establishments 
and individuals. The numbér of mail packuges was 197454. 

The work of the Service is still greatly interfered with by the war, 
which at the close of the year hud resulted in tho suspension of ship- 
ments of exchanges to all countries in the Eastern Hemisphere except 
Great Britain and the Union of South Africa. In the Western 
Hemisphere, where packages are forwarded to their destinations by 
mail, mostly under governmental frank, there has been no interrup- 
tion to the sending of packages, although some delay results from 
their examination by the Office of Censorship before heing allowed 
to leave the United States. : 

The dates of the Inst shipments to the countries to which the send- 
ing of consignments was suspended during the year are given below: 
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FOREIGN DEPOSITURIES OF GOVERNMENTAL DOCUMENTS 


There now are received at the Institution for transmission through 
the International Exchange Service to foreign depositories 65 full 
sets and 36 partial sets of United States governmental documenta— 
no total of 1 sets. At the close of the year no sets of governmental 
documents were being forwarded to any countries in the Exstern 
Hemisphere. In the Western Hemisphere the full and partial series 
were being transmitted after eliminating those publications not 
allowed to be exported by the Office of Censorship because they were 
considered to contain mutter of possible aid to the enemy, All the 
publications forming the full and partial sets of governmental docu- 
ments now being held will be forwarded at the close of the war. 

The depository in South Australia wes changed from the Parlia- 
mentary Library to the Public Library. The partial sets sent to the 
Straits Settlements and the State:of Rio de Janeiro were discontinued. 
The Biblioteca Nacional in San Salvador was added to the list of 
depositories of those seta. 

A complete list of the depositories is given below: 


Ancesrina: Direcel6n de Investigaciones, Archivo, Biblioteca ¥ Legisinciéon 


Extranjera, Ministerio de Relaciones Exteriorea y Culto, Boenos Aires. 
Avermacia: Commonwealth Parliament and National Library, Canberra. 

New Sourn Wares: Public Library of New South Wales, Sydney. 

Querneranp: Parllanwitary Library, Brisbane. 

Sormn Avermanta: Poblle Library of South Australia, Adelaide. 

Taswvanta: FParllamentary Library, Hobart. 

Viera: Poblie Library of Victoria, Sietbourne. 

Wesrmes Averaatta: Publle Library of Western Australia, Perth 
Renta: Bibllothique Royale, Braxelles, 
uaz: Lpstitute Nacional do Livro. Rio de Janeiro. 

Canaba: Library of Parliament, Ottawa. 

Manrroza: Provinela!l Library, Winnipeg. 

Ostinio: Legislative Library, Torito. 

Quence: Library of the Legislature of the Province of Quebec. 
Cutz: Biblioteca Nacional, Senttigo, = 
Cua: Bureau of International Exchange, Ministry of Eduention, Chungking 
Comomta: Bibllotern Nacional, Bogota. 

Costa Rica: Oficina de Depéaito ¢ Cunje Tuternactonal de Publicaciones, San 
José, 

Cona* Ministerio de Estado, Direcciin de Ketnclones Colturalea, Habana, 

Czncmosiovarra: Bibliothique de 'Assembiée Nationale, Prague. 
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Dexuane: Konugelige Danske Videnskabernes Belskab, Copenhagen. 
Eorvrt: Borean des Poblicotions, Minisitre des Floances, Calre, 
Esrosia: Hllgiraamatukogu (State Library), ‘Tallinn. 
Pintant: Parllamenteary Library, Helsinki. 
Feance; Bibliothigue Nationale, Parix 
Giawany: Relebstauschstelle io: Relchsnilnlateriom ffir Wieeenschaft, Erle 
hung uni) Volkshildung, Berlin, 8. W. 7. 
Prossia: Preussische Stantebibllothek, Berlin, WN. W. 7- 
Gmear Burrain: 
Ewotana: British Maseum, London. 
Loxpen: Landon Beboo! of Economies and Palltical Selence, (Depoultory 
of the London Connty Counell,) 
Huruasr: Library, Hungarian House of Delegates, Budapest. 
Impta: Imperial Library, Calentta. 
Tnetano: National Library of Ireland, Dubin, 
Tratr: Ministero dell'Eduecasione Nozlonsle, Rome, 
Javan: Imperial Library of Japan, Tokyo. 
Larvia: Bibliothique d'fitat, Riga. 
Leacre or Nartoxa: Library of the League of Nations, Genera, Switeertand. 
Mrxtoo: Direcelin General de Informaciin, Seeretaria de Gobernaciin, 
Mexico, D. F. 
NETommLAnvs: Royal Library, The Hague. 
New Zeatanp: General Assembly Library, Wellington. 
Nournmay Innuinn: HM. Stationery Office, Belfast. 
Nogwar; UWnivernltets-Hibliothek, Oslo. (Depository of the Government of 


Norway. | 
Peav: Secclin de Propaganda y Publicaciones, Ministerio de Relaciones Ex- 


Potann: Bitilothique Nationale, Waraaw. 

Porrt4L; Hibiloteen Nacional, Lisbon. 

Rostanta: Aculemia Romfinh, Bochareat. 

Sram: Cambio Intertactonal de Pubiienctones, Aventita de Catvo Sotelo 20, 
Madrid. 

Sweex: Kungliga Biblioteket, Stockholm. 

Swiretetanp: Bibliothiqnue Centrale Fédérale, Barne. 

Tuuner: Depirtment of Printing ami Engraving, Ministry of Hduenthon, 
. 


Uston or Sourm Arnica: State Litrary, Pretoria, Tranerasl 

Usion or Sovmer Soctanset Rervmuica: All-Union Lenin Library, Moseow 115. 
Unearme: Wkralnlin Soclety for Cultural Relations with Foreign Coantries, 

Usvovar: Oficina de Canje Internacional de Publleaclunes, Montevideo, 

Vermcrta: Biblioteca Nactonal, Caracas. 

Fuoostayi,: Ministére de 1-Education, Belgrade. 


REPOSITORIES OF PARTIAL #rre 


AraHantsran: Ministery of Forelgn Affairs, Publications Department, Kabul, 
Boum; Biblloteca del Ministerio de Relactones Exteriores Fy Culto, La Pox 
Minas Geaars: Directoria Geral de Estatistien em Minas, Bello Horizonte. 
BerrtsH Guiana: Government Secretary's Office, Georgetown, Demerarn, 
Caran : | 

Atmzera: Provinelal Library, Edmonton, 

Barnes Gorguara: Provincia) Library, Victoria. 
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Canapa—Continoged, 
New Bevnawitcn: Legislative Librory, Fredericton. 
Nova Seorta: Provincial Secretary of Nova Scotia, Halifax. 
Portce Kuwazp Istann: Legislative and Public Library, Charlottetown. 
SASKATCHEWAN: Legislative Library, Regina. 
Certox: (Chief Secretary's Office (Record Department of the Library), Colombo. 
Cura: Natlonal Library of Peiplng. 
Dominican Rercmisc: Biblloteca de) Senado, Cladad Trajilio. 
Ecvapos: Bijbiiotecn Nacional, Quito. 
GuaTrewata: Blibilotera Naclonal, Guateinala, 
Hart: Bibllothaque Nalengle, Port-an-Prince. 
Horpuas : 
Biblioteen y Archivo Naclonales, Tegucigalpa. 
Ministerio de Relaciones Extoriores, Tegucignipa. 
fomtanp: National Library, Rerkjorik. 
Lanta : 
BewcaL: Secretary, Bengal Legislative Council Department, Council House, 
Calcutta, 
Bras anp Omeea: Rerence Department, Potna, 
Bowmar: Undersecretary to the Government of Bombay, General Depart- 
ment, Bombay. 
Fvema: Secretary to the Government of Burma, Education Department, 
Tangoon. 
Pusan: Chief Secretary to the Government of the Ponjah, Lahore. 
Ustm Puovrmors of Aces axp Ovum: University of Allahabad, Alinhabar. 
Jawarca: Colonial Secretary, Kingston. 
Lanexta: Department of State, Monrovin. 
Marra: Minister for the Treasury, Valletta. 
Newrovrptane: Department of Home Affatrs, St. John's. 
Nicasasva: Mintaterlo de Relneclones Exteriores, Managua. 
Panama: Ministerio de Relaciones Exterlores, Pabama. 
Faxaavar: Secretario de ja Preeidencila de in Eepiblica, Asunciéo, 
SALTAPOR ; 
Biblicteen Nacional, San Salvador, 
Mintsterlo de Helaclones Exteriores, San Salvador. 
Tramaxo: Department of Foreign Affaire, Bangkok. 
Vatican Carr: Bibliotecn Apostolica Vaticans, Vatican City, Italy, 





INTEBPARLIAMENTARY EXCHANGE OF THE OFFICIAL JOURNAL 


The number of depositories of the Congressional Record and Fed- 
eral Register was reduced during the first 9 months of the year, the 
number forwarded being 71. Those sent to the following countries 
were discontinued in March 142: Gibraltar, Hungary, Indochina, 
Netherlands Indies, Rumania (2 copies), and Vatican City. In April 
1942, the sending of the Congressional Record to foreign countries 
through the International Exchange Service was discontinued for the 
duration of the war by request of the Office of Censorship, 
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ARGENTINA : | 
Ribliatera del Congreso Nactonal, Boenoe Alres. 
Camarasa de Diputados, Ofelna de Tufortnackin Partamentarin, Buenom Alres. 
Boletin Oficial de la Replica Argentina, Ministerio de Justlelu ¢ Instrucelin 
Pdiblica, Boeno Alrea. 
ATSTUALra ; 
Commonwealth Parliament and Natlonal Library, Canberra. 
New Soura Watss: Library of Parliament of New South Walos, Sydney, 
QuENatano: Chief Secretars’s Offer, Brishane 
WESTEEN AtermArga: [brary of Parliament of Western Anstralin, Perth. 
FEAzt,: 
Biblioteca do Congresto Naclomal, Rio de Janeiro. 
Altasowss; Archive, Bibllotera © Inprensa Publics, Manioa, 
Banta; Governador do Exvtade dy Balla, Rin Salvador. 
Farrmerro Santo: Presldencia do Eatado di Espirito Sonto, Victorin, 
Ho (imino po Bou; “A Federscio,” Porta Alcere, 
Sragtree: Biblicters Publics do Betado de Bergipe, Arncaji, 
S40 Pauto: Diario OMeln) do Estado de Bho Paulo, Se Panto, 
hone Hoxporas: Colonia) Secretary, Bellen. 
(Ca4RAta & 
Library of Poriiament, Ottawn, 
Olerk of the Senate, Hotes of Parllament, Ottawn 
Coma: Bihlloteea def Cupltelic, Habana, 
Kavrr: 
Chambryp tea Dépniés, Calro.. 
Renal, Culre 
Gmtar Rarrar: Library of the Foreign Office, London. 
GUATEMALA: Bibllotem dais Asanbles Legisiativa, Guatenmls, 
Harm: Bihilothtque Nationale, Port-1n-Prinee. 
Hoxnvnas: Biblioteca del Congreso Nacional, Tegueignipa. 
Tyna: Legislative Department, Simin. 
nas: Library of the Irantan Parliament, Téhéran, 
Tnag: Chamber of Depnitlea, Baghdnil. 
Imso Fem State: Dail Eireann, Dublin. 
Leactz or Natioxe: Library of the League of Nationa, Geneva, Switrerland. 
Letason : Mintstére des Finances de da République Libamalse, Serttao iio Matériel, 
Belrut. 
Linen: Department of State, Monrovia. 
Mexico: Direccién General de Informaciin, Secretaria de Gobernaclén, Mexico, 
D. F, 
AntascaLiontss : Goberoador de) Esindo de Aguaseniientes, Aguascalientes, 
Caxrionc: Gohermndor del Bstado de Campeche, Campeche, 
Citapis: Gobernador del Estado de Chinpas, Tuxtla Gutlerres 
Commvanca: Gobernndor del Estado de Chibtmhna, Chihoabun, 
Coanors: Perlédien Oficial de! Bstade de Coahulla, Palucto de Goblerno, 
Baltitto. 
Coutua: Golernodor de} Estado de Colima, Colima. 
Dvsssoo: Goternador Canstituclonal del Betade de Durango, Durango, 
GuawasaTo: Secretaria General de Goblerny del Estado, Goannajuato. 
Gourmeano: Gobornilor del Estado de Guerrera, Chllpinel ngs. 
IRE Bibllotera del Estado, Guadalajara, 
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Mexico—Continued. 
Lowre Catiruasta: Gobernador del Distrito Norte, Mexieall. 
Miso: Gaeeta del Goblerno, Tolorca. 
Mfrcnmacin: Secretarfa General de Gobierno del Estado de Michoarin, 
Morelia. 
Mongtoa: Palacio do Gobierno, Cuernarnca. 
Navan: Gobernador de Nayarit, Tepic. 
Nousve Leis; Blblloteca del Estado, Monterrey. 
Oaxaca: Perlddico Oftcial, Palacio de Gobierno, Oaxaca. 
Purnia: Secretarfa General de Goblertin, Porbla. 
Queaérano: Secretaria General de Goblerne, Secelén de Archivo, Querétaro, 
San Lots Poras!: Congreso del Estado, San Lula Potost, 
Srvabos > Gobernador del Estado de Sinalon, Cullacin. 
Sonoma: Gobernnaidor del Estado de Sonora, Hermosillo. 
Tanasoo: Seerctaria General de Goblerno, Seceléin Sa, Ramo de Prenm, Villa- 
hermoea, 
Tawauupas: Secretaria Genern! de Gobierno, Victoria. 
Trarcata: Secretaria de Gobierno del Bstudo, Tlaxcala. 
Vrnacuvz: Gobernndor del Estado de Verucrux, Departamento de Goberna- 
clén y Justicia, dalapa. 
YvcatTix: Goberundor del Estado de Yoontin, Mérida, TYucatin. 
New Zearanp: General Assembly Library, Wellington. 
Peer: Gimara de Dipotndos, Lima. 
Swirmntann: DBibllothtque de Assemblée Fédérnle Suisse, Berne. 
Tver: Stantekangle! dev Rantens Bern. 
Sr. Gartex: Staatskanzlel des Kantona St. Gallen. 
Scnarpnausen: Stuntskanzlel des Kantone Schaffhausen. 
vine: Stantekangtel dea Kantons Ziirich. 
Treeer: Turkish Grand Notional Assembly, Ankara. 
Tsien or Boorm Arica: 
Library of Parliament, Cape Town, Cape of Good Hope. 
State Library, Pretoria, Tranevaonl. 
Pavevar: Dinrly Oficial), Calle Florida 1178, Monteriico. 
Vexezuma: Bililoteca del Congress, Carncas. 


FOREIGN EXCHANGE AGENCIES 





The following is a list of bureaus or agencies to which consignments 
are forwarded in boxes by freight when the Service is in full opera- 
tion To all countries not. appearing in the list, packages are sent 
direetly to their destinations by mail. 


List OF AGENCIES 
Aven, via France. 
Ancora, vin Portugnl. 
Avermia, via Germany. 
Anomers, via Portugal. 
[ena : Service Belge des Echanges Internstlonauz, Bibliothtque Royale de 
Caray Istanos, via Spain. 
Cutxa: Bureau of International Exchange, Ministry of Education, Chongking.. 


Czrnostovakia: Service dee Echanges Intermitionnnx, Biblisthéque de 
Assemble Natlonale, Pragoe 1-Th 

DexMase: Service Danois des Bechanges Internationang, Eongelige Danske 
Videnukabernes Selakub, Copenhagen Y, 

Eovrr; Government Press, Publicationa Office, Bulag, Cairo. 

Fistaso: Delegation of the Seientifie Societies of Finland, Kasirngutan 24 

Fuince: Service Frangals des Echanges Internatlonaux, 116 Rue de Greneilo, 

Gramant: Amerikn-Institut, Univeraltiitetrisse ® Berlin, N. W. T 

Gneat Bertaix ano lzetasp: Wheldon & Wesley, 721 North GClreolar Eoad, 
Willenion, London, NW. 2. 

Honosar: Hungarian Libraries Bouril, Fereticickters 5, Budapest, TV, 

innia: Superintendent of Government Prititing and) Stationery, Bombay. 

izaLt: UMelo degli Scambi Internazionll, Ministers del Edocisione Naghonale, 





Javas: Interuations!) Exchange Service, Imperial Library of Japan, Uyeno 


Park. Tokrn 
Latvia; Service dee Echanges Internitionwnz, Bibilothique d'Biat de Lettonte, 
Riga. | 


Loxewpousn, via Belgiom. 

MADAOAsOAR, vla France, 

Mangina, vin Portugal 

Mocamnigur, tia Portugal. 

NETHESLANDA: Internationa] Exchange Roreau of the Netherlands, Royal L- 
brory, The Hague. 

New Sormm Wales: Publle Lihrary af New Sonth Wales, Sydney, 

NEW ZEALAND; Geooral Assembly Library, Wellingtim. 

Noawat: Service Norvégion dea Kehanges Internationeus, Bibllothéque de 
l'Université Royale, Cel, | 

PAtesTINn: Jewish Natlona) and University Library, Jerosalem. 

PoLamo: Serviee Polonnis dew Echanges Enternationnx, Mibliothtque Nationale, 
Warsar,. 

PowrvaaL: Feccio do Troene Internacionnes, Bitiioteca Maclonal, Lishon, 

Queesaisp: Bureat of Exchanges of International Publications, Chief Secre- 


tory’s Offices, Brishane. 


RUMANIA: Minlatite de la Prope 
Antionanx, Bucharest. 

Socth Aversania: South Acstrailan Government Exchanges Burean, Govern: 
ment Printing and Stationery Ofiee, Adelalde. 

Spar: Junta de Intercemblo ¥ Adgofeiclén de Libros y Revistaw para Bibliote 
cas Piblicos, Ministerio de Edneactin Nacional. Avenida Calves Rotelo, 20, 

Swenen: Kangiiga Mihiloteket, Stockholm. , 

Swirmetinn: Service Sulee des Echanger Internatlonaws, Bibliothdqne Cen- 
trale Féjérale, Berne 

Taswants: Secretary to the Premier, Hobart. 

Torker: Mintetry of Eduenthon, Department of Printing and Engraving. 
Tstanbrl. 

Cates of Soorn Aratca: Government Printing and Btattonery Office, Cape Town, 

Unies ov Sovter Soctartwy Reromros: International Book Exchanges Depart: 
ment, Society for Cultural Relations with Forelgn Countries, Moscow, 56. 
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Vicromta; Publle Library of Victoria, Melbourne. | 
Wesrexs Averaania: Public Library of Western Ansiratis, Perth. 
Yooosiavta: Section dee changes futernationnnx, Ministhre des Afulres 
C. W. Shoemaker, Chief Clerk of the Exchanges, was retired on 
November 80, 1941, after more than 59 years of service with the 
Institution and after having worked 11 years over the statutory re- 
tirement age of 70, In this connection it may be mentioned that the 
International Exchanges is noted for the length of service of some 
of its employees. M. A. Tolson lina served under the Institution for 
more than 61 years and F, E, Guss for 55 years. 





F. E. Gass, Acting Chief Clerk, 
Dr. C. G. Assor 


? 
Secretary, Smithsonian Institution, 


APPENDIX 7 
REPORT ON THE NATIONAL ZOOLOGICAL PARK 


Sm: I have the honor to submit the following report on the opera- 
tions of the National Zoological Park for the fiscal year ended June 
30, 1949: vom 

The regular appropriation mnde by Congress was $230,260, all of 
which was expended with the exception of $4,000, which representa 
savings of salaries for positions not filled, 

PERSONNEL 

In common with other agencies, the Zoo has had considerable per- 
sonnel turn-over, losing a number of its capable employees through 
transfer to military service. ‘These have been replaced, as far as 
possible, with employees who will serve for the duration and until 


the return of the regular staff, 
IMPROVEMENTS 


_ The ceseation of W. P. A. work and the conditions resulting from 
the war have prevented the making of material improvements. 
Before our entry into the war, a small amount of work was done nt 
the reptile pit in front of the reptile house to improve its appearance 
as 4 natural habitat ares. 

The needs of the Zoo remain the aame as outlined in previous 
reports. On account of war conditions, no request is being made for 
VISITORS FOR THE YEAR 

The attendance for the year was elightly more than that for last 
year. The tire and gasoline rationing which went into effect in late 
spring brought about a perceptible increase in visitors by bus and 








streetcar and on foot. 

July a. — 241,900 February. a 
Anguat—_—___ | TE OO Mereh 160, 900 
October 81,800 Mayo ae ng 
Movember... SO Joe; ——— ee |CS 00 
December 8... = s—i(tésd ae 
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The attendance of organizations, mainly classes of students, of 
which there is definite record, was 10,660, from 212 different schools 
or groups in 16 States and the District of Columbia, This large 
decrease from last year of visitors in this group was due mainly to 
restrictions on chartered bus travel which went into effect the first 
part of June, a month during which the largest number of schools 
or classes usually visit the Zoo. A complete listing by States follows: 








attuot.# ery 


As in preceding years, a census was made every afternoon at about 
8 o'clock of the cars parked on the Zoo ground. During the year 
56,585 cars were so listed, representing every State in the Union, as 
well as Alaska, Brazil, Canal Zone, Cubs, Guatemala, Haiti, Hawan, 
Mexico, Puerto Rico, Panama, Philippine Islands, and Venezuela, 

Thia count is not of value as showing « total attendance, but only 
as indicating the percentage of attendance by States. The record 
for the year shows that the District of Columbia nutomobiles com- 
prised 89 percent, Maryland 22 percent, Virginia 15 percent, Penn- 
sylvanin 4 percent; and the remaining 20 percent were from other 
States, Territories, and countries. 

The attendance at the Zoo reflects changed conditions imeident to 
the war. Formerly there were relatively few visitors in the early 
days of the week and in the mornings, but now there is a pronounced 
increase during these periods, so that the highs and lows of attendance 
are less pronounced. 

Owing to the large increase in Washington population, the local 
attendance at the Zoo has so increased that it offsets the decrease in the 
nuniber of transient visitors brought about by the curtailment of 
automobile travel. 

Large numbers of men in uniform are enjoying their oppor= 
tunity to visit a large zoo, and gome groups of injored or sick are 
brought by nurses or Red Cross drivers. The Zoo continues to he a 
regular study ground for art and biology classes, as well js An impeor- 
tant focal point for letters, telephone calls, and personal queries 
regurding animals, their behavior, and methods to be followed in 
preventing or remedying injuries from animals, how to care for 
animals, and many miscellaneous questions. 


72 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1042 
AIR-RAID PRECAUTIONS 


So far ns can be learned, the experience of other zoos im the war 
aren suggests that the National Zoological Park will probably be one 
of the eafest places about Washington during air raids. beth the very 
nature of the construction of most of the cages, it is ] practi 
that any dangerous animal would be killed if it wore “4 a cage 
damaged badly enough to let the animal escape. 

The Zoo has endeavored to take precautions to provide for such 
contingencies as may arise, A number of key men have received 
instruction regarding incendiary bombs, gas bombs, and first aid, 
and the entire organization has been instructed and drilled in taking 
their respective posts during daylight tests and raids. The personnel 
has been divided into groupe, so that in the event of attacks becoming 
imminent, the practice will be inaugurated of requiring some of the 
personnel to remain in the Zoo overnight, in order to be available in 
the event of emergency. This is with the ideo of having trained mon 
for emergencies at night, as well as during daytime. 


ACCESSIONS 








FITrID WORK 


On account of world conditions, no expeditions were sent abroad; 
hence the Zoo did not receive the large numbers of animals that are 
usually brought in by such efforts. 


Among important gifta during the year was o magnificent Texas 
longhorn steer from the ranch of Col. T. 'T. East, brought to Wash- 
ington through the courtesy of the Texas and Southwestern Cattle 
Raisers Association. ‘The animal was presented to the Zoo by the 
‘Texas State Society through the Honorable Wright Patman, and, as 
the first of ite kind ever to be shown in the collection, it has attracted 
a great deal of attention. 

A pet mule deer fawn was received from L. 8. Marriott, Soda 
Springs, Idaho, Dr, Carlos G. Aguayo, of Habana, Cuba, presented 
a very rare Cuban crocodile (Crocodylus rhombifer), the first ever 
exhibited here, Otto Martin Locke, of New Braunfels, Tex., pre- 
sented a large number of horned lizards and a nine-banded armadillo, 
From Kenly Chiles, of Washington, D. C., was Teceived a guenon 
monkey, 

‘Dr. ‘hcman BarhOnr, Director of the Museum of Comparative Zool- 

agy at Cambridge, Mass., presented two extra large and fine specimens 
of of tha African lungfish, which he had kept for observation since 1937. 
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Dr, Carlos G. Agunyo, Habann, Cuha, Cuban crocodile. 

G. B. Arthur, Washingion, D. C., common rabbit. 

Clarence Attwood, Rockville, Md., duck howk. 

Huitimore & Ohio Freight Office, Washington, D. C., skunk. 

Dr. 'T. Barbour, Cambridge, Mase, 2 Afeicun lungfish. 

Cari Beale, Woelington, D. C. gray fox. 

Edgar Beckley, Washington, D, C., night hawk 

Mr. and Mra. B. A. Bower, Mount Rainier, Md, 7 canaries 

D. Bremaliet, Washington, D.C, alligntar- 

R.A Brown, Chery Chase, Md., scroech owl. 

J. Ao Bryant, Waverly, Va. otter. 

Ruth Buchanan, Wazhington, D. C, prise parequet 

Mrs. Fronk KR. Chase, Takoma Pork, Md, Pekin dock 

Kenly Chiles, Washington, D.C. green gut. 

J, A. Clark, Silver Bpring, Md., golden phensant. 

Marvin Cohen and Bill Wright, Washington, D. (, alilgater. 

Ralph E. Day, Washington, D. C., horned ILeard. 

Mra. L. Diggs, Berwyn, Md., sparrow hawk 

Rarvey Dillard, Emporia, Fln., box tortoise. 

Charles F. Dodges, Washington, D. C., sharp-shinned hawk. 

William H, Dorsey, Ariington, Va., alligutur. 

Col. 'T.'T. East, Hebbronyville, Tex., Texas longhorn steer. 

Col. H. B Bustwood, Washington, D.C. common mbbit 

Hon. Clyde T, Eilla, Washington, D, C.. opossum. 

Alden Evars and George Clarke, Washington, D,.0., copperhend, 

Mrs. James L. Ewin, Washington, D.C. alligator. 

Robert J. Feeney, Washington, D, ©, ferret 

De. J. H Ferguson, Washington, D.C, bald eagle 

Fish and Wiidlife Service, Pawtuxent Research Refuge; through Ford Willkie, 
® barn owls; through F. ( Lincola, Washington, D. C., hybrid duck; through 
F. T. Staunton, Mofft, N. Dak, 4 Hotehiue geese, 1 white-fronted gone; 
throne William ¢ Boneh, Edenton, N.C. great bloe ieron; throngh Jolin -N. 
Hamlet, Washington, D. 0. 10 cotton rot, 2 southern pocket gophers, T roan - 
tailed wood rats, 6 ord kunguroo rats, 4 collared Umonis, § coachwhip snakes, 
© striped racerunners, whip-tulled llnard, 13 Holbrook’s Leards 

Mire. EB. H. Fisher, Washington, D, C., sebro finch 

Jomes BH. Fox, Washington, D. C., goshawk. 

Paul Fundenberg, Fort Lauderdale, Pia. marine turtte. 

Kathieens Garvin, Chevy Chase, Md. boz tortole. 

Mrs. J, F. Gates, Dyatiarilie, Mi, 4 eastern weeeel. 

LJ. Ganthier, Washington, D.C, Pekin duck. 

Mra, Maloolm Silver Spring, Md., yellow-naped parrot. 

Janne Gibbons, Washington, D.0., horned lisard.. 

A F. Gtheon, Waahington, D.C, woodchuck or ground. bog. 

Richard Goutz, Waldorf, Md. 2 red-talled hawka 

J. & Goldamith, Washington, D. C., 6 box tortoises, 2 paloted turtles, pilot snake. 
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W. Bart Greenwood, Smithsonian lustitution, Waatiington, D.C. 2 southern 
réed-shonidered huwks, western diumond-hack rattieannke. 

Mr. Greaeon, Washington, D.C. 2 banded rattlesmmies. 

Mra, F. 8 Hans, Kenwood, Md. goose. 

Winifree Hall, Washington, D. C., night howk 

E, W. Harkins, Washington, D. C, ring-necked phenaunt. 

AM. Heiberg. Ariington, Vo. opossum. 

i. A. Helns, Tako Park, Aid., rheans monkey. 

Henlopin Game Farts, Milton, Del., 2 ring-necked pleasnnta 

A. &. Henning, Wuehington, D. C.. flying squirrel. 

BR. W. Heorteh and BH. F. Parris, Washington, D, C. red fox. 

Fred Hill, Washington, D. C., skank. 

useel] Hill, Washington, D. C.. great horned owl. 

Ella Holmes, Washington, D.C, common rabbit, 

D. F. Humphrey, Washington, D. C, blackannke, 2 chicken snnkes, 2 water 
snakes, gutter snake. 

RLF. Jolinson, Washington, D. C., rheroa monkey. 

Mra. L. Jones, Washington, D.C. ned, blue, and yellow macaw, 

ra. W. A. Justice, Edgewater, Md, double yellow-head parrot. 

Mrs. J, BE. Reel, Washington, D. C.. common marmoset. 

Gall ood Lyno KRervin, bration D. GO, 2 white rabbits. 

M. King, Trkoma Pork, Md, oposmin 

W. M: Elng, Washington, D. C, snupping turtle 

Mrs, B. Krasnick, Chevy Chase, Mi, common bon, water snake, 2 fenee lear, 
2 brown &kinks, 6 gines snakes or legions Nzarda, 11 touds. 

ED. Lambert, Washington, D. C., woodchuck or ground bag. 

Otto M. Locke, New Braunfels, Tex., 100 horned ligands, (banded armadiiio. 

A. Loveridge, Cambridge, Muse, 7 turtles. 

Col. T. EL Lowe, Wuslington, D. C., burred owl. 

Walter Lucas, Washington, D. C., gray fox. 

W. Minefield, Washington, D. C., common rabbit. 

L 8 Marriott, Soda Springs, Idaho, mule deer. 

H. 3. Mathew, New York Aquerlum, New York, N. ¥., boa conwtrictor. 

Mra. E. Matteossian, Bethesda, Md., 4 fying squirrels. 

Mr, May, Washington, D. C.. chain or king snake. — 

Adnum 5, McAllister and Mienh H. Naftalin, Washlngton, D. C.. brown bat, 

H. H. McClure, Washington, D. C., 2 foles chameleons, box tortolse, 

Airs. J, ©. Mellsie, Washington, D. C., 4 grass peroquoeta. 

F.C. Metealfs, Weshlugion, D. C, white-throated capuchin. 

Metropolitan Police, Precinet No, 12, Washington, D. O., muscory duck. 

EK. Miller, Washington, D. C., 9 opossuma, 

W. & Morlan, Washington, D.C, bog-noe) snake. 

MM, Moser, Washington, D.C, barred owl 

Mra. J. Murphy, Woshington, D. C., 2 grnas paroqueta. 

Martha Noland, Washington, D. C., alligator, 

A. Parsell, Boena Vista, Va. banded rmattiemnake. 

Mra. Peterson, Washington, D.C, amall flock. 

A. & Pollto, Washington, D. C., barn owl 

dvd. Porter, Davia, Obin., bald eagle. 
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1. Poston, Washitigton, D. C., soft-abetied turte. 

Mr. and Mrs. W. J. Prestiun, Haltimore, Md., 2 bishop weavers. 

Bunny Reld, Wachington, D. C., Pekin duck. 

Naney Reynolds, Washington, D.C, 2 Petin ducks. 

Mre BH. Rhoilea, Waelilngton, D.C. OpoOrsin. 

H. M. Rice, Germantown, Md., pointed turtle. 

I. L Richardson, Hichmond, Va., thew monkey. 

Bertrand Robbins, Washington, D. C., chalo or king snoke 

Loule Rabe, Inc, New York, N. ¥., 2 collared finch-bilied bulbuls 

Samnel Russell, Washington, D. C., 23 horned lenis. 

Mra. W. Rutledge, Washington, D. C., 2 Pekin docks, 

San Diego Zoo, Ban THego, Calif, kinkajon, 3 ring-toll or eacomistle, 

Walter Schmidt, Bethesda, Md, alligator. 

Sea W. L. Behobert, Washington, D. C., common rabbit. 

D. 8: Scott, Wachington, D, C., copperhead. 

Cal. Shaleriadd, Chivy Chase, ML, alligutor. 

Mrs. Jeseph Smith, Washington, D. C., grass paroquet, 

Dalss Rico Sprodiing, Athens, Tenn,, banded rattlesnake. 

Corp. W. D. Sprouse, Vienna, Va, red fox. 

James Stallings, Washington, D. C., alligator. 

Mra. S. Stanley, Greenacres, Md., Pekin duck. 

Mr, Stone, Wardman Potk Hotel, Wellington, D.C. duck hawk. 

W. W. Swaggart, Washington, D. C., ennary: 

Mre. George Swanson, Mount Rainier, Md.,2 Pekin ducks, 3 Toulouse geese. 

Bertha Sweet, Washington, D.C 2 commen rabhite 

Mrs. Thomas Terry, Witeliville, Md... yellow-heaidl parrot. 

D. © Thomas, Waehington, D. C., black emake. 

Ira TI: Tiew, Waebington, D. C., Pekin ducks 

L. W. Turner, Washington, D.C, Pekin ducke 

T. Van Byning, Guinesvilie, Fls., bald eagle. 

Sonntor Frederick Ven Noys, Vienna, Va., rhesus monkey. 

Mra. Van Patten, Waehington, D.C. Pekin duck. 

A. W. Watker, Takoma Pork, Mil, opoes 

Ernest P, Walker, National Zoological Park, Washington, D, c.. 2 picket pin 
ground agoirrela, golden-breasted mouse, 8 True's white-footed mice, 2 grass 
hopper mice, Hop! eilpounk, golden-mantled ground aquirrel, = S-tood lkunga- 
roo rata, 6 Uinta ground squirrels, 6 1S-etripe’d ground squirrels, 2 northern 
chipmrunka, 10 plains toda, feast weasel or ermine. 

Mics V. Walston, Takoma Park, Md., red for. 

W. FP. Ward, Washington, D. C., riecoin. 

Mrs. J. M. Waters, Bethesin, Md. cottontall rabbit. 

J. @, Watters, Atinntn, Ga. 2 moccoons. 

J. M. Weedon, Waehington, D, C., mracery duck. 

Fietcher Welch, Washington, D, O,, Petin dock. 

F.C. Wells, Washington, D. C., barred owl. 

Mrs. H. B. White, Washington, D. C, 2 box tortoises. 

Mrs. HA. Wood, Washington, D, C., Mexican parrot, 

Walter Wuenschel, Waeelilngton, D.C, paloted turtle 

Carlo Zeimet, Vienna, Va., penfow!. 








76 


—_— a 


BIRTHE 
There were 65 mammals born, 40 birds hatched, and 2 reptiles 


born during the year. 


MAMMALS. 


Ammotragua fervio_ 

Asls arit_. ~~ 

Hibos powrua____.___.__._.. | 

Bison: Bie. 
Bon inflows. TF 
Camcies boctrianws_.___.._ __+.______. 
Cephalophws sigrifrons_.._...__._.._.. | 
Cercus conidensla. 
Cereus claphwa_._...... .._— .......- 
Cholocpwr didocipiur.__—____.___.._ 
Cynompa ladovirianua.—_... 
Coma domd_..__.__.__. 
Doliohotie meagelianied.. ow... 
relies once ———— 
Hippopotamus anmphibiwe.—...___. 
Lama glama.......... 
Moco invaifa__$__ 
Macaca wemettrina—...... 
Hague mourus._...... 
Myocaster coypdt._——__..____.__.. 
Pocphagua grouniens____.______.___ 
Potae feos. a 
Poudoia nohura..u.- 
Sclerue Aiagtoni’___  —__ ____ 
Bike sippoa_________.-_------__- -—_. 


CS TT ee ee 





Com acom scree 
Aundad ——--— —_____ 
Gur : - 


EE 


American aS aes 


Zehu 

















‘Lesser white equirret_________. 


Japanese deer 
Afrienn buffalo 2 = 
South Amerienn taple—.-—... 


dines potyrhynchos_——___ __. _____ 


conuraa gigentowa.. 


Mallard. 





Splay Wann 


from the Zoo at Toronto, Canada; and from W. A. King, at Browns- 
ville, Tex., were received 6 Yucatan jays, 4 Mexienn caciques, a pair 
of spider monkeys, 4 red-bellied squirrels, and a pair of West High- 


land or Kyloe cattle. 


ee ee ee ee ee ee ee 
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Important specimens nequired by purchase were a secretary bird; 
a number of South African snakes, which were obtained from the 
Fitesimons’ Snake Farm, Durban, South Africa; 6 two-toed sloths; 
a pair of raccoon dogs; and a pair of East African wart hogs. Also 
purchased during the year were & pair of guanacos and a pair of 
single-humped camels. This provides specimens of all living forms 
of the camel family. 

REMOVALS 


Many of the poisonous reptiles have been removed from the Zoo, 
leaving so few in the collection that they can be instantly disposed 
of should the occasion require. 

In the report for 1041, there was described a very serious loss of 
birds resulting from an epidemic of psittacosis in the bird house. The 
bird howse wae closed to the public for about 3 months, and at the 
beginning of this fiscal year the parrot room was still closed. A 
release from quarantine for the parrot section was received from 
the District of Columbia Health Department on September 27, 1941, 
and the room was reopened to visitors several days later. 

Through splendid assistance and cooperation on the part of the 
United States Public Health Service and the District of Columbia 
Health Department this disease has been eradicated. Suspected birds 
that die are sent to the Public Health Service for examination, and 
for nearly a year the results of the examination have all bean negative. 


The principal losses for the past year have been of very old rest- 
dents. A sulphur-crested cockatoo, which was presented by Richard 
snd Harry Hant, Bethesda, Md., April 19, 1890, before the present 
Zoo was actually established, died June 20, 1042, after 52 yenrs and 
9 months in the Zoo. Tt had been a pet of the Hunt family for 5 
years before coming to the Park. It had come to the United States 
in a sailing ship around Cape Horn, 

The female reticulated giraffe which had bean received June 21, 
1939, died April 24, 1942. Other losses by death of animals which 
also had been in the Zoo for long periods included an Aloka Pen- 
insula bear in the collection 19 years; Baird's tapir, in the Zoo aines 
Muy, 1924; and o Malay porcupine that had lived here for 22 years. 

The American bald eagle, “Jerry,” probably the most photographed 
bird in the world, died April 15, 1042. It had come as a gift from 
President Wilson and had been a Zoo resident for 26 years. Photo- 
graphs of “Jerry” were used as models for the eagle on our defense 
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As usual, all specimens of scientific value that died during the year 
were sent to the National Museum 
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Very few exotic specimens were acquired during the year, and these 
were mainly replacements, The collection was augmented by the addi- 
tion of three different types of cattle which had never been exhibited 
here before They were a Texas longhorn steer, a pair of British 
Park cattle, and a pair of West Bighlent or Kyloe cattle, 
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Summary 
Agtmals on hand Joly 1, 181 —_——______ 
Accesaions during the year__.._____.___- eee «6D 
Total oninisia In collection during year... oe 8,145 
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Respectfully submitted. a a 

W. M. Mann, Director, 
Dr, C. G. Asnor, P 


Secretary, Smitheonion Jnstitution, 


APPENDIX 8 
REPORT ON THE ASTROPHYSICAL OBSERVATORY 
Sm: I have the honor to sulimit the following report on the activi- 


tics of the Astrophysical Observatory for the fiseal year ended June 
30, 1942: 





WORE AT WASHINGTON 
TURLICATION OF TOLIIME § OF THE ANMALS 


The ontstanding event was the completion and publication of 
volume 6 of the Annals of the Observatory. The volume begins with 
extracts from these reports continuing the annals of the Obzervatory 
operntions from 1931 to 1940. Next, the principal research on the 
variation of the sun’s radiation is minutely described, with illustra- 
tive graphical and tabular matter relating to every feature, Then 
follow 79 quarto tabular pages giving in detail daily results of 
observation of the solar constant of radiation (i. ¢, the intensity of 
the sun’s rays 2s they exist at mean solar distance outside the earth’s 
atmosphere), This table covers ull observations over the interval 
from 1923 to 1939 at Montezuma, Chile; Table Mountain, Calif.; and 
Mount St. Katherine, Egypt. The results are given in 12 columns 
for each day, covering not only the final results at each station, but 
the more important observations leading up to them. For some 
individual dates as many as 12 lines are required. Each page of the 
Annals includes 3 euch groups of columns or 36 in all, and each page 
has approximately 80 lines. The enormous tusk of preparing this 
table has been mentioned repeatedly in preceding reports 

Then follows a chapter on the derived results and conclusions based 
on this great tabular compilation, and including related additional 
information for the years 1920 to 1923, derived from volame 5 of the 
Annals. 

As regards accuracy, the probable accidental error of 4 single day's 
determination of the solar constant from observations at the stations 
is one-sixth of 1 percent, and for 10-day and monthly means, it is 
one-ninth and one-twentieth of 1 percent, respectively. 

The variation of the sun, as our life-supporting star, is clearly 
indicated and between extreme ranges up to about 3 percent for the 
interval 1920 to 1930. It is verified not only by comparisons of our 
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own radiation observations at widely ceparated stations but by com- 





parison of them with the publications of visual and photographic 
studies of the sun's surface made at other observatories. Such com- 
parisons show, for instance, that the rotation of the sun upon its 
axis in the approximate period of 27 days frequently is attended by 
1 percent change in solar radiation associated with well-marked 
changes in the visual and photographie appearance of the sin. 

The variation of the sun is shown not to be of uniform percentage 
for all colors and wave lengths, but to increase rapidly in percentage 
toward the shorter wave lengths of the violet and ultraviolet rays. 
For ultraviolet rays of wave length 3500 angstroms, the percentage 
variation is 6 times as great as for the solar radiation as a whole. 

Fourteen simultancously operative regular periodicities are found 
in solar radiation ranging from 8 months to 273 months in periods. 
Each of these is reflected in temperatures and precipitations recorded 
by meteorologien! observations of official weather services. Lang 
records, extending for 140 years, like those of Copenhagen, Vienna, 
and New Haven, prove that the 14 solar periodio variations have 
continued in unchanged phases, though perhaps not in u edd 
amplitudes, during all that interval, Assuming that the phases will 
continue unchanged, and the amplitudes will be the avernge of 
amplitudes since 1920, « prediction of the solar variation to 1945 is 
hazarded. 

The publication of volume 6 of the Annals, in such beautiful form 
and at eo early a date, was made possible by funds generously sup- 
plied by Mr. John A. Roebling. Without his long-continued and 
munificent support and advice, the research could not have reached 
this satisfactory fruition. It is zreatly hoped that it will furnish 
valuoble aids to the science of meteorology. 





TRANSFER OF THE WIVIADON OF RADLATION AND OROANTOMS 
A second outstanding event of the year is the acceptances by the 
Burean of the Budget and the Congress of the proposal, strongly 
recommended by the Regents of the Institution, that the Division of 
Radiation and Organisms, hitherto for 13 years supported by private 
funds, and hitherto concerned with the fundamental study of plant 
growth, be incorporated as a branch of the Astrophysical Observa- 
tory. Since the beginning of the fiscal your 1942, (his interesting 
fundamental research has been supported by Congressional appropria- 
tions, and its staff has been a part of the Government Civil Service, 
INSTRUMENTS 
Our detailed studies of the observations of the solar radiation 


disclosed, as above said, that the percentage variation of the intensity 
of the sun's rays is six times as great for ultraviolet rays as for the 











total of all wave lengths. It also appeared plainly that the chief 
source of error remaining in the determinations arises from uncer- 
tainty of the exact effect of absorption in the great infrared water- 
vapor bands, occurring in a spectral region where salar variation 1s 
almost nil, | 

‘These considerations Jed the Director to devise a method whereby 
with a few additional observations using special glass absorbing 
screens determinations of solar variation could be restricted to the 
spec retion of the green, blue, violet, and ultraviolet raya. 
Apparatus for such determinations was prepared at oar Washington 
instrument shop and has been installed at all three of the field etn- 
tions. It has been in regular use at all of them since about July 
1941 in addition to the ordinary observing. 

It also appeared that certain types of sky conditions tended to 
produce unsatisfactory results by our present usual methods of 
obeerving the solar constant of radiation, It seemed possible that 
‘f in addition to our usual measurements we should observe the 
degree of polarization prevailing in sky light a correction of values 
might be discovered and applied in our daily measurements. Ac- 
cordingly three copies of a sky polarization device invented by the late 
Prof. E. C. Pickering have been prepared at our Washington instru- 
ment shop. One is already installed at Montezuma, Chile, and has 
bewn used regularly since March 1942. Such instruments will soon 
be in use at our other stations. 

Considerable special confidential work for military, purposes has 
been done at our Washington instrument shop under the care of the 
Director. 

‘The Assistant Director, Mr. L. B. Aldrich, has devoted a good 
deal of time as n member of the Smithsonian War Committee, 





FIELD WORK. 


Three solar radiation observing stations have been operated 
all favorable days at Table Mountain, Calif., Burro Mountain, N. 
Mex. (called the Tyrone station), and at Montezuma, Chile, The 
meteorological conditions have been rather less favorable than usual 
at all three stations, but still solar-constant observations were made 
on a majority of days at all stations, 

New reinforced concrete dwelling quarters for the director's fam- 
ily at Montezuma were completed under field director Freeman's 
direction und finished shortly before he wus relieved by A. F. Moore 
in July 1941, and in May 1042 the assistant’s quarters were rebuilt 
to a considerable extent, 

Improvements were also made at Table Mountain and Tyrone 
etations. A new water supply was installed at the former, and the 
drainage of the observing tunnel was perfected at the latter. 
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A. Kramer, instrument maker, retired, was restored to the active 
Civil Service at Washington under war regulations on March 16, 
iM?) A. F. Moore relieved H. B. Freeman, resigned, at Montezuma 
as field director in July 1941, and F, A. Greeley relieved James EH 
Baden as bolometric assistant there in April 1942. W. H. Hoover 
continued as field director at Tyrone station, relieving A. F, Moore. 
Thomas Hassard served from October 6, 1941, to April 16, 1049, as 
bolometric assistant at Tale Mountain, relieving F. A. Greeley. 
On Hassard’s resignation to enter military service, ho was followed 
by Kenneth G, Bower in May 1942. Miss N. M. McCandlish, special 
assistant to the Director, resigned March 1949, 

The following members of the staff of the Division of Radiation 
and Organisms were transferred to the staff of the Astrophysical 
Observatory on July 1, 1941, under wuthorization of the Civil Service 
Commission: Robert M. Clagett, Leland B, Clark, Earl §, Johnston, 
Edward D. McAlister, and Robert L. Weintraub, 

Respectfully submitted. 


Smithsonian Institution. 


C. G. Annor, Director. 


REPORT ON THE DIVISION OF RADIATION AND 


Sm: [have the honor to submit the following report on the activities 
of the Division of Radiation and Organisms during the year ended 
June 80, 1042: 

Many changes have taken place in both perconnel and physical equip- 
mont af the Division of Radiation and Organisms during the past year. 
Members of the Division were given Civil Service status on July 1, 
1941, und the work is now carried on from appropriations allotted to 
the Astrophysical Observatory. The laboratory has been remodeled 
and most of the rooms repainted. The removal of the pipe shop to the 
United States National Museum made available much needed space 
and hae relieved the crowded condition that existed. These changes 
brought about considerable temporary disruption in the regular work, 

Different members of the Division have contributed directly or mdi- 
rectly to work pertaining to war activities. The regular research work 
may, for convenience, be placed under three group headings: Photo- 
synthesis, plant growth and radiation, and development of apparatus 
and methods. 

Dr. Jack E. Myers continued his work with algae on problems related 
to photosynthesis until the expiration of his National Research Fellow- 
ship grant in September. He devised a method for the continous cul- 
ture of algae with equipment built in the Division's laboratory, This 
apparatus he took with him to continue the work at the University 
of Texas as a cooperative project with our Division, The bearing this 
work has on our general program is that of obtaining uniform biologi- 
cal material that will give reproducible results under eimilar experi- 
mental conditions. | 

Mra. Florence Meier Chase completed her study on the economuc use 
of algae and submitted a paper covering the subject for publication m 
the Smithsonian Annual Report for 1941. 

Dr. Weintraub has completed a comprehensive review of the litern- 
ture on plant respiration as affected by radiation. This was requested 
hy Botanical Review, a journal which specializes in the publication of 
comprehensive technical reviewa in the botanical field. This review 
is especially useful asa background in some of our investigations, 
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Drs. Johnston and Weintraub have continued their experime 
the factors that influence the change | in rates of respiration. This, of 
course, is basie work to our main project on photosynthesia. Our 
results lead one to speculate on the possibility of the existence of a 
carbon dioxide reservoir connected with the cell mechanism. It would 
seem that when the plants are conditioned in air of high carbon dioxide 
content a certain amount of excess carbon dioxide is stored m the tissue. 
so that subsequent measurements of “apparent respiration” would con- 
sist of the carbon dioxide liberated by true respiration and that re- 
leased from » weil-filled reservoir. Lf, however, the plants are condi- 
tioned in air with little or no carbon dioxide the hypothetical reservoir 
is in # partially depleted condition and the first few periods of “ap- 
parent respiration” show a gradual increase in rate. This would be 
caused by the trapping in the reservorr of lees and less of the respired 
carbon dioxide, thereby liberating more and more carbon dioxide 
which could be detected in the atmosphere surrounding the plant. 

Such a reservoir hypothesis, however, is not sufficient to account for 
all the results obtained. There ts evidence in much of our data that 
the humidity of the air plays an important role in this gaseous ex- 
change, perhaps in changing the size of stomital openings. Just whet 
mechanism is involved in these plant responses is nut yet clear, The 
answer must await improvements of the humidity controls of the 
apparatus. Such improvements are now being undertaken, 

‘The relationship previously fond by Dr. Weintraub between light 
intensity and inhibition of growth of the oats mesocoty] suggests 
that two growth proceses are influenced by light; one along at ise 
intensities and both together at higher mtensities. It appears likely 
that these two processes are cell elongation and cell division, respec- 
tively. In order to determine the action spectra for the two processes, 
and so to obtain an insight into their mechanisms, information on the 
intensity relations in various spectral regions is required. Such 
information has previously been obtained for a number of wave bands 
nt low intensities, using a double monochromator, In-extending the 
study to higher intensities, this method is not feasihle and use must 
be made of emission spectra furnishing lines of adequate intensity 
and purity. Such lines as are available are now being studied over 
a wide intensity range and the plant material is being preserved for 
future histological study. 

The action spectrum (moximum activity in the red) found for the 
moesocaty! inhibition at low intensities indicates the presence in the 
etiolated plant of a photoreceptive pigment possessing a similar 
absorption spectrum. An attempt to isolate such a pigment hus been 
berun. ‘The evidence thus far obtained points to the occurrence in 
the dark-grown onts seedling of traces of at least two pigments having 











absorption bands in the red region of the spectrum. Work on the 
isolation and separation of these pi ts is now in progress, 

In view of the previous finding by Dre. Johnston and Weintraub, 
using the spectrographic method, that illumination increases the rate 
of carbon dioxide production by etiolated barley seedlings, it is of 
considerable interest to etudy the influence of radiation on the 
respiration of other types of plants, For this purpose the Warburg 
manometric technique seams well adapted, since both oxygen absorp- 
Hon and carbon dioxide evolution ean be measured simultaneously. 
The necessary apparatus is being assembled and preliminary experi- 
ments to find suitable types of plant material and appropriate cultural 
conditions are under way. The data in the literature as well as 
results already obtained in this laboratory indicate that the effects af 
radiation on respiration may be intimately related to the previous 
cultural history of the plant. 


Dr. Jack E, Myers, whose National Research Fellowship grant 
terminated in September, has been appointed assistant professor in 
the department of zoology and physiology at the University of Texas, 

Mrs. Florence Meier Chase, who has been with the Division for 10 
years, resizned on September 9. 

On October 1 the services of Dr. E. D. McAlister were transferred 
to the Carnegie Institution of Washington for the purpose of carrying 
on war work. 

Leonard Price was appointed junior physical science aid on Feb- 
ruary 16, 1042. 

Mrs. Phyllis W. Prescott was appointed junior clerk-stenographer 
on March 24, 1942. 

PUBLICATIONS 


Jounston, Bam & Demonstration of the effect of radiation on organisms at 
the Smithéonlan Institution. Scientific Monthly, vol. 63 (July), pp. 02-96, 
HL 

Wurntnave, Rourer E., und MoAtistex, Edwari D. Developmental phyalelogy 
of the grasa seeding 1. Inhibitlen of the mewieoty! of Acoma sativa by 
continous expowure to light of low tntensity. Bmittieoninn Mise. Coll., vol, 
101, No. 17, pp. 1-10, 12. 


Respectiully submitted. 
Exgn 8. Jomwstox, Assistant Director. 
Dr. 0. G, Annet, 


Secretary, Smithsonian [natitution. 


APPENDIX 10 
REPORT ON THE LIGRARY 


Sm: I have the honor to submit the following report on the actiyi- 
ties of the Smithsonian Library for the fiscal year ended Juno 30, 
142: 

War's initial impact upon the normal activities of a scientific 
library is disconcerting and disruptive, Publication of new material 
in the combutant countries declines, and such books and periodicals 
as are issued are obtainable with difficulty, if indeed they can be 
obtained at all. In the important scientific journals gaps appear and 
widen. As a consequence, service to readers becomes more limited. 
The whole immediate outlook for growth aud nccomplishment is dis- 


Since September 1939 the Smithsonian Library has suffered in 
common with all other libraries of international scope, and as long 
as the war Insts it must continue to suffer from this negative influence 
which progressively decrenses the inflow of material important for 
the work of the Institution and its branches. After Pearl Harbor 
came the final cutting off of all importations from enemy and oceu- 
pied countries, The disruptive effect upon the normal activity of the 
library is graphically illustrated by the fact that during the fiscal 
year just ended 425 puckuges were received from abroad through the 
International Exchange Service, wheress in 4 recent pre-war year 
the number was 2,194. 

Recovery from this serious crippling of the hbrary’s facilities will 
be slow, and the work of repair and of rebuilding will constitute a 
challenge to diligence and ingenuity during post-war years. 

_ Fortunately, there is a positive, constructive, and much brighter 
side to the year’s activities. Especially is this true of the library's 
relation to the war effort. The primary purpose of the library in 
normal times’ is service to the Institution’: Miny specialists engaged 
in 6 wide range of studies covering the natural and physical 
A basic requirement for progress in any line of science is constant 
access to the published recults of recearch in all countries, The large 
body of scientific literature accunmulated in the years sinea the foun- 
dation of the Institution for the special needs of its staff has been 
found to provide valuable material of great importance to the various 
war agencies. As a result of this there hus heen & large increase in 
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the veference use of the library, especially in the branch library in the 
National Museum, including both personal visits and requests by 
telephone for information. This has'‘also increased the loan to out- 
side libraries, which were 238 more than last year. 

In addition to providing access to published material and recorded 
information, the library has been able to extend its war reference 
service by putting inquirers directly in touch with members of the 
staff of the Institution having special professional or personal know!- 
edge of various subjects, By knowing where, how, and from whom 
‘nformation not available in the Institution itself may be obtained, 
the library has also been enabled to arrange valuable introductions 
to outside sources. This kind of service, through which the library 
functions not only as a bibliographical center, but also as a general 
clearinghouse for information, is expanding and offers promising 
possibilities for more extensive future assistance in the war effort. 

Upon recommendation of the Smithsonian War Committee and 
n¢ a part of the Institution’s program for directing its notivities more 
definitely to the war effort, the library was instructed by the Secre- 
tary in April to prepare an index of the foreign georraplical illustra 
tions that have appeared in Smithsonian publications, Work was 
begun immediately, and before the end of the fisen| year the index- 
ing of the Smithsonian Explorations and Fiold-Work series had 
been completed and work begun on other publications, Reeords of 
some 2,000 illustrations have been made and filed both alphabetically 
and by regions. 

In spite of the time given to special war activities, routine duties 
of the library were well kept up, The acquisition of new material 
by purchase and exchange, the cataloging of books, the entering 
of periodicals, the preparation of volumes for binding, the keeping 
of loan-desk records, all are exact and time-consuming processes, 
upon which the smooth functioning of the library depends, Statistics 
of them, so far as they can be measured statistically, will be found 
at the end of this report. 

Routine reference work for the staff of the Institution, and the 
nse of books within the yurious libraries, of which no numerical 
count is attempted, continued to be heavy. 

Although considerably handicapped by a temporarily curtailed 
staff, the decrease in the number of accessions from Europe mnd Asia 
has made it possible for the catalogers to devote some small part of 
their time to the recataloging of older material that has long needed 
attention. Full use of many of our most valuable series of publica- 
tions has always been difficult because analysis of them has never 
been made for the catalog. Accurate identification of references and 
prompt delivery of material wanted are basic to good library service. 
especially from the loan desk, and they are largely dependent upon 
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good cataloging. It ie hoped, as one of the compensations for the 
decrease in foreign accessions, to be able to continue and extend this 
program for making our already acquired resources more fully and 
easily wenble. 

In the matter of exchanges, » comparable program is in progress. 
With no immediite possibility of filling gaps in our files of foreign 
serials from sources abroad in direct exchange for our own publica- 
tions, we are using, and are studying how to make farther use of, 
our Jarge and valuable duplicate collection for strengthening and 
extending our domestic exchanges. Lists of desiderata exchanged 
with other institutions wre bringing good results in finding parts 
needed to complete incomplete serial files in all the participating 
libraries. Many of our duplicates, too, are given directly to other 
Government libraries that need them. Notably, in response to a 
request from the Scientific Library of the Patent Office, we were able 
this year to supply 1,524 parts of periodicals lacking in their sets. 





Friends and patrons made generous gifts to the library, The 
Secretary, the Assistant Secretary, and other members and collabo- 
rators of the Smithsonian staff contributed many publications, The 
American Museum of Natural History, the Boston Museum of Fine 
Arts, end other institutions with which we are regularly in ex- 
changrs made us special gifts in addition, From the American 
Association for the Advancement of Science came 724 publications, 
and 8 were received from the American Association of Museums. 
A noteworthy gift, numbering some 9,000 items, waz the library on 
Copepoda assembled by the late Dr, Charles Branch Wilson and 


presented by his son, Carroll A. Wilson, to the Division of Marine 
Invertebrates, A card index for use with the collection accompanied 
it. Of special interest was Mrs. Cyrus Adler's gift of the post- 
humously published book, I Have Remembered the Days, the autobi- 
ography of the late Dr, Cyrus Adler, formerly librarian of the 
Institution, Other donors were, Percy S. Alden, Theodore Bolton, 
Willard ©, Brinton, L. ¥. Coleman, Dr, P. T. Collinge, Miss Elsie 
G. Curry, Dr. Carl Epling, Mrs. Paul Garber, The Board of Directors 
of the Golden Gate Bridge and Highway District, Dr. John M. 
Hiss, R, G. Ingersoll Waite, Prof. James R. Jack, Dr. Thomas H. 
Kearney, Dr: Riley D. Moore, Dr. W. L. MeAtee, The National 
Society of Colonial Dames of America, Dr, T, L. Northup, Mrs. 
Foster Stearns, Prof. ‘Theodore Sizer, | 
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Most important of the unusually lorge number of changes on the 
staff waa the retirement of William L, Corbin as librarian on January 
81, 1942, after more than 17 years of service. Coming to the Insti- 
tution in the early years after the First World War, he was con- 
fronted with many difficult tasks of rehabilitation and administrn- 
tion. He gave his best efforts to the completion of important files 
of scientific journuls broken by the war, to the reestablishment and 
extension of exchange relationships and to the building up of an 
efficient library personnel for the service of the Institution. 

On February 2, 1942, Mrs. Leila F. Clark, who had been sesstant 
librarian in charge of the National Museum library since 1920, was 
appointed librarian of the Institution, 

Miss Elisabeth P. Hobbs, head cataloger, was promoted on May 
21, 1942, to the position of associate librarian in charge of tho Mu- 
seum library. Mrs. Lucile Torrey Barrett, who had yviven excep. 
tional service as librarian of the National Collection. of Fine Arts, 
was transferred to » war agency on February 28, 142. Other 
changes were the resignation of Miss Ruth Blanchard on October 31, 
1941, and the appointments of Miss Murjorie Kunze and Miss Marion 
Blair on January 5, 149. The temporary appointments of Mrs. 
Georgeanna H. Morrill and Mrs. Clara Dick, made during the pre- 
ceding fiscal year, were terminated on December 31, 1941. Assistanl 
messengers for short periods were Arthur Gambrell and John 
Barnes. Samuel Jones, who is now serving, was appointed May 5. 


STATISTICS 


The accessions to the libraries were as follows: 
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New exchangts arranged : 
For the Smithaonian Deposit — Ra 
For the National Mosewm library = 32T 
For other branch fiterten ee 18 
a ee ee =p 











“Wants” recelred : 
For the Smithsonian Deposit_ —— ——- 1 
For the National Museum Vbrary~——.__._____.._... 3 Se 














For other braoch Wbraries.....§_.... ara 
Letters. wrltten——_________. 1, 581 
Cataloging 

Volumes ond pamplilets cataloged. 





Other Activities 


Pectodioals : entered. ns 
Loana of books and poring ine, OTE 
Volumes sent to the blndery_—__ : 1,400 


ly submitted. 


Dr. C. G. Amor, 
Secretary, Smithsonian Inatitution, 








Loma F. Crann, Librarian. 


APPENDIX 11 
REPORT ON PUBLICATIONS 


Sm: I have the honor to submit the following report on the publi- 
eations of the Smithsonian Institution and the Government branches 
under its administrative charge during the year ended June 00, 1942: 

Tho Institution published during the year 15 papers in the Smith- 
sonian Miscellaneous Collections, and title page and table of coti- 
tents of volumes 73 and 99 of this series; 2 papers in the War Back- 
ground Studies series; 1 Annual Report and pamphlet copies of 23 
articles in the Report appendix; and 3 special publications. Addi- 
tional copies of two volumes of the Smithsonian's series of tubles 
were aleo printed. 

The United States National Museum issued 1 Annual Report; 36 
Prowedings papers; 3 Bulletins and 1 part each of 3 Bulletins; 1 
separate paper in the Bulletin series of Contributions from the 
United States National Herbarium, 

The Bureau of American Ethnology issued 1 Annual Report and 3 
Bulletins, 

The Astrophysical Observatory issued volume 6 of the Annals of the 
Astrophysical Observatory. 

Of the publications there were distributed 162,25 copies, which 
included 17 volumes and separates of the Smithsonian Contributions 
to Knowledge, 37,050 volumes and separates of the Smithsonian 
Miscellaneous Collections, 22,052 volumes and separates of the Smith- 
sonian Avnunl Reports, 1.45 War Backeround Studies papers, 2,576 
Smithsoninn special publications, $2545 volumes and separates of 
National Museum publications, 11,01 publientions of the Bureau of 
American Ethnology, 6 publications of the National Collection of 
Fine Arta, 3 publications of the Freer Gallery of Art, 14 reports on 
the Harriman Alaska Expedition, 1,362 Annals of the Astrophysical 
Observatory, and 383 reports of the American Historical Association. 


MITHSONIAN MISCELLANEOUS COLLECTIONS 





There were issued tithe page and table of contents of volumes 
73 and 99, 3 papers of volume 99, 15 pupers of volume 101, and 
reprints of yolumes 86 and 88, as follows: 
VOLUME 73 
Title page and table of contents. (Publ. 348.) December 16, 1041 
PL 
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VOLUME vt 


No, 8, Check-llet of the terrestrial ond fresh-water Leopoda of Oceania, by 
H. Gordon Jackson, SO pp (Publ 2003,) July 28, 1041. 

No, 22 ‘The Ice age problem, by Walter Knoche, Gopp. (Publ. S201) July 
oO, TH. 

No. 23. Evidences of early occupation in Sandin Cave, New Mexico, and 
ather sites in the Bandia-Mantano region, by Frank C. Hibben, with appendix 
jn Gerrelation of the depealia of Sanilla Care, New Mexica, with the glacial 
chronology, by Kirk Bryan. vi~+i pp, 15 pla, 0 fige (Publ. 3h) | 
1h, TM1. 

Tithe page aml table of contents. (Publ. 3044.) November 13, 1941, 





VOLUME 101 


No 2 A pow silumaniler of the gout Gprinophilua frum the southern Ap 
fulachions, by MB. Mittleman ond Hurry G. ML Jopeun. O pp, 1 pl (Publ. 
S635.) Jtily 14, 1. 

No. % Environment and nativa subsisteiee cconaniles in (he central Groat 
i by Waldo BR. Wedel, 26 pp. 6 ple, 1 Ag. (Publ 36.) Atenet 20, 

LL. 

No. 4. Diseuses of und artifacts on skulls and bones from Kodiak Island, by 
Ales HrdiWiten. 14 pp, 21 pis, (Pobl, S840.) September 24, ta. 

No. 6 On solar-coustant and atmospheric temperature changes, by Henryk 
Arctowskl, ¥14-62 pp, 83 figs (Publ S041.) November 7, 141. 

vO. 6 Heetlea of the genus Hyperaspis tnhnbitating the United Stutes, by Th. 
Dubshavsky, 4 pp, O-pia: (Publ, 842%) December 31, 1M, 

No. T. Archeological remains in central) Kaneas and thelr peamible bearing 
on the locutlon of Quivira, by Walio HR. Wedel, 24 pp., 10 pla, 1 fe. (Pah. 
Hi.) 0 January 15, He, 

No. & Bees of the family Ayloeidae from the Ethiopian region, by T. D. A. 
Vorkerell, Ti pp (Publ. 8600,) Feliruary 19, 242 

No & Notes of some American freah-water oamphiped ernmeteceans and de 
seriptions of new genus ool two new epecles, by Clarence R. Shoemaker. 
31 pp, 12 figs. (Pobl. 37.) February 18, 1042. 

No. VW), Faons) content of the Maryrille formation, by Charles FE. Resser. 
Bpp (Publ. 3076.) February 19, 142 

No. 11. Amphipod crustaceans collected on the Presidentia}] Crufee of 1938, 
by Clarence I. Shoemaker. §2 pp, 17 figs. (Publ S877.) March 5, 1942 

No. 12 The quantity of vaporons water in the atmosphere, by C. G. Abbot. 
Tepe (Publ 678.) Mare 23; 194 

No. Uh Anew titanothere from the Eorune of Misslesippl, with notes. on the 
corrdation between the marine Eocene of the Guif Coustal Pluin and coutt- 
nental Rocete of the Rocky Mountain region, by @ 2. Gazin and J. Marrnder 
aseiage 13 pp. & pla, 1 fe. (Publ. S670.) April 25, nye 

o 14. Two sew fossil lirdd from the Oligicence of Suuth Dakota, by 
iit Wetmore: 6 pp. 18 figs (Publ. 3680.) May 11, 1D42. 

No. 1h. Fifth contribation to pomenclature of Cambrian fossila, by Charies EL 
Reeser. 5a pp. (Publ. S682.) May 22, 1942 

No. 17. Developmental physlology of the grass seedling 1, Inhibition of the 
inesocotyl of Avena saliva by continnous exposure to Ught of low Intensities, by 
Robert 1. Weintraub and Edward D. McAlister. 10 pp. 1 pl. 4 figs (Pobl, BERS, ) 
Jone 24, 12 


Additional copies of the following two volumes were printed: 
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VOLUME 46 


Smithsonlan Meteorologica| Tables, Fifth Revieed Edition, Firat Heprint. 
izxexvit2e pp. (Publ. 3116) 
VOLUME $45 


Smithsonian Phreical Tables, Bighth Revised Edition, First Reprint. lv-+-@38 
po. (Publ. 3171.) | 
WARK BACKGROURD STUDIES 


In the new series of Smitheonian publications, War Background 
Siudies, the following papers were issued ; 
Xo. 1. Origin of the Fur Eastern civilisations: o brief Lbondbook, by Cart 
Whitlng Bishop. 58 pp. 12 pla. 21 fies. (Publ. $651,) June 10, 12, 
No. 2 The evolution of nations, by John BR Swanton. 23 pp, {Pubil. 3656.) 
dime 24, 1 
SMITHSONIAN ANNUAL REPORTS 


Report for 1940.—The complete volume of the Annual Report of 
the Board of Regents for 1940 was received from the Public Printer 
in October 1941. 


Annual Report of the Bourd of Regents of the Smithsonian Inetituilon 
showing the operations, expenditures, and condition of the Institution for the 
year onda June 30, 160, xii!-+512 pp., 107 pla, 28 figs (Publ, 3600.) 

The appendix contained the following papers: 

Solur prominences In motion, by Robert RB. McMath. 

The satellites of Jupiter, hy Seth B, Nicholson. 

Caltural values of physies, by Dariil Dietz 

Nuchoor fasion, by Karl K. ANSTO 

The onttona) etandania of measurement, by Lyman J. Briges. 

The rise. of the organic cenilea! Industry in the Onlted ‘States, br 
C. MLA. Stine. 

The robber industry, 1830-1989, hy W. A. Gibbous. 

The fature of mon as ap inhabitant af the earth, by Kirtley F, Mather, 

The search for oll, by G. ML Lees. 

Perspectives in evolotion, by James Ritchie, M. A. D. Se, 

Animal behavior, by Ernest P. Walker. 

The national wildilfe refuge program of the Fish and Wiidlife Service, 
by Ira NX. Gabrisleon, 

A living fossil, by J. L. B. Smith, 

Tnaecte and the spread of pluont diseases, by Walter Carter, 

The Mexican bean beetle, by W. H. White. 

Plant-tisawe cultures, by Robert L. Welotranh, 

The botany and history of Zitenla aquatics L. (“wild rice), by Charles 

Prehistoric culture wares from Agia to America, by Diamond Jenness. 

The beginnings of civilization in eastern Asia, by Carl Whiting Bishop. 

Stonehenge: Today ond yesterday, by Frank Stevens, 0. 8. EL F. 5. A. 

Gulfanilam!de ond related chemicals [pn the treatment of Infections die 
enses, by Weeley W. Epink. Mf. D. 
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The toture of fying, by HE Wimperia, C. B.C. B. B, Hon, D. Eng 
(Melt.), Post Prealident Royal Acronantical Society. 

Report for 1941—The Report of the Secretary, which incladed the 
financial report of the executive committee of the Board of Regents, 
and which will form part of the Annual Report of the Board of 
Regents to Congress, wna issued in January 1949. 

Report of the Seeretary of the Smithsenlan Inetitutlon and financial report 
of the executire committee of the Board of Regents for the year ended June 30, 
1040. ix+136 pp. 5 pls, 2 figs. (Publ. 9642.) 

The Report volume, containing the general. appendix, was in press at 
the close of the year. 





Handbook of the National Alrcraft Collection, Fifth Edition, by Pan! I. Garber. 
43 pp. 26 pla, 1 fig. (Pobl. 365.) Joty 23, 141 
Classified Isat of Smithsonian publications avallable for distribation December 
1, 1041, compile! by Helen Munroe, 42 pp, (Publ. 8645.) December 11, IML 
Brief guide to the Smithsonian Institution, Fifth Edition. 80 pp. 63 ia 
(Publ, BL.) Muy 1942. : 
PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM 


The editorial work of the National Museum has continued during 
the year under the immediate direction of the editor, Paul H. Ochser. 
There were issued 1 Annual Report, 36 Proceedings papers, 6 Bulletins, 
and 1 separate paper in the Bulletin series of Contributions from the 
United States National Herbarium, as follows: 


VSEUM REPO 





Report on the progress and condition of the United States National Museum 
for the fieral year ended June 30,1041, {114-Li8 pp. January 1942: 


PROCEENIMNGS: VOLUME &7 


Title page, tahle of contents, und index. Pp. 1-vill, @5-672 Seplember 16, 
VOLUME #0 


No, 3107, Revision of the North American mothe of the family Oecophortdae, 
with descriptions of new genora and species, by J. F. Gates Clarke. Pp. 33-289, 
pla 1-48. November 6, 11. 

Ro. S100. A history of the division of vertebrate puleantology Im the United 
States National Museum, by C. W. Gilmore, Pp. 905-877, pls. 40-53%. Anguat i 
TS. 


by Arthur G. Humes, Pp. 370-355, fig, 18 Anguat 6, 1041. 

No, G12. Oestode purnsltes of teleost fahes of the Wootts Hole reglon, Mnasa- 
chosetts, by Eiwio Linton. Pp. 417-442, pla (0-2. Jolr 1, UHL 

No, B11. Pamlico fossil echinoids, by Willard Berry, Pp, 443-445, pls. (85. 
July 5, 1041. 


"Ne. i110, A new harpacticold copepod from the gill chambers of n marsh crub, 
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‘No. REIS. Notes on Mexican turtles of the genus Kinosfernon, by Leonhard 
Stejoeger. Pp 407-400. July 25, 1. 

No. 8116. A revision of the chalcid-dles of the genus Monodonfomerus in the 
United States National Museum, by A. B. Gahan. Pp. 461482. August 19, 1941. 

Na. S117. Notes on the birds of North Carolina, by Alexander Wetmore. Pp. 
43-530. October 31, 11. | 

No, BLA Notes on some North und Middle American danaid butterflies, by 
Austin IL Clark. Pp 631-2, pls, T1-Tt. November 4, ice 

No, S110. A new cuans of pammmocharid wasp from China, by P. P. Babty. 

No #8120, Two new species of Cocldomylid files trom PAloz, by Charice 
T. Greene: Pp, O47-O01, fig, 24 October 30, 11 


VOLUME (1 


No. S121 The inhmmnlian faunus of the Paleocene of central Utah, with notes 
wn the geology, by C. Lewls Garin, Pp. 1-05, fee 1-20, pia 1-3, October 2, 11. 

No. 3122 A new fossl) ecrocodilian from Columbla, by Charles C. Mook. 
Ip. 05-55, pls. 0), Innuary 17, 12. | 

No. 8128 ‘The North American moths of the genus Arechads, with one now 
apocies, by J. F, Gates Clarke. Pp, 9-70, pin, 10-12 November 14, 11. 

No. 3124 Some little-known fosal) Meards from the Oligocene af Wyoming, 
by Chaties W. Gilmore. Pp. T1-76, figs. S)-t2 November 13, 1241 . 

No 812% New species of bydrolils, mostly from the Atinotic Ocenn, in the 
Uultod States National Musenm, by C. McLean Fraser, Pp. 77-99, pia 13-18, 
November 14, 1041. 

No. 8120. The Nevada early Ordorician (Pogoulp) sponge fnunoe, by BR B&B. 
Rossier. Pp, @1-100, plea 123. November 1, 1941. 


No, #127. "Che Mexicnn subspecies of the snake Coniophanes fesidens, by 
Hobart M. Smith Pp, 103-111, fig. 38. November 13, 1141. 


Nu. 212% Heport on the Smitiucninn-Firesteme expoiiition's collection of 
$4. November 14, IM, . 

No, $120. Notes on eame crayfishes from Alabama caves, with the deseription 
of a new species and a pew subspecies, by Rendell Rhoades. Pp. 141-145, 

No. S120. Notes on the mnke getine Trimorphodon, by Hobart M. Bmlth. 
Pp, 140-168, figs. 87, 36. November 10, 11. 


VOLUME 92 


No. X18. Notes on two genera of American flew of the family Trypetidas, by 
John, BR. Malloch, Pp. 1-20, fig. 1, Janvary 7, 242 

No. 8134. 'The Freda, N. Dak, meteorite: A nolekel-rich simxite, by EP. 
Henderson and Stuart WH. Perry. Pp. 2-28, pla. I-44. March 23, 142 

No. 818% Some cestodes from Florida sharks, by Asa C. Chandler. Pp, 5-31, 
figs. 2,3. Fotruary 0, 12. 

No, 36, A new epecies of phyllopod crustncenn from the southwestern 
short-erass pralries, by J, G. Muckin. Pp 38-30, fga ¢-@, April 16, TH 

No, 2187. Descriptions of five new species of Chaleidolden, with notes mm a 
fow deseribal species (Hymenoptern), ty A. B, Gahan. Pp. 41-51 Murch 
4, 142 

No. 8185. A new Btomatopod crustacean from the west coast of Mexico, by 
Bteve A. Glasell. Pp. 55-56, fig. 7. March 28, 12. 
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No, 8180, The chrrsomelid hestles Luperodes Mvittetue (LeQonte) and gari- 
cornia (LeConte) and some allied species hy Borle H. Blake Pp. 57-74, pla 
6) Aprfl 7, 142, 

NO, £140, Notes on the cinasifiearion of the staphylinid beetles of the groupe 
Lispin! sid Osortinas, hy Richard &. Blackwelder, Pp. 76-40, April 7, 14 

No. S141 Score) hone artifaets of the centim! Great Piains, by W. It 
Wedel and A. T. Hill. Pp, 01-100, ple 7-18, April 29, 1o4e. | 

No, 6142. The identity of some marine annelld worms in the United States 
‘Nations! Museum, hy Olgn Hartman. Pp. 101-140, flies. 8-16. June 10, 1042 

No. 8143. The Sanliw (Georgia) meheorite, hy EP. Henderson ond @ Wythe 
Cooke: Pp. 141-100, pla 14,15. April SO, 1942 

No. SL. Rhoporrinaa, a oew fossa) inadiunate (erinetil cen, hy Edwin 

Kirk. Pp. 151-18, pl, 18 April 24, 1942: 

, No. SHG. Nites on beetles reinted to FPayilophaga Harris, with deserip 
Hone of hew genera and aulgererm, by Lawrence W. Saylor. Pp. 167-105, pl. 17. 
June 11, 1H 

No. S146. Deerriptions of the [larvae of sume West Indian melolanthine 
beetles and a key to the known larvae of the tribe, by Adam G. Biving 
Pp. 187-176, pis, 18, 19. Jone 24, 148, 


No. 50, part 1 The birds of North ond Middle Ameriew. Families Graldas, 
Rallidae, Heliornithidae, amd EBurypygidae, by Robort Ridgway and Herbert 
Friedmann. ix--O pp. 1 figs. October 2 41. 

No, 82, volume 1, part 4a, A monograph of ihe existing crinnida The super- 
familly Moriuumetrida (except the fully Colohometridae), by Austin H. Clark. 
vil+-603 pp, 01 plu Augeet 5, 1041. 

No, 101, port & The Foraminifera of the tropleal Pacific collections of the 
“Albatross,” 1800-1900. Hoterobelleliine and Fuliminidne, by Joseph Anguetine 
Cushinan. 4-87 pp, Li pls. February 10, 1641. 

No. 177. The herpetology of Hispaniota, by Doris M. Cochran. ¥ii+-308 pp. 
12 pla. July &, 1041. | 

No. 178 Catalog of the trpe specimens of mitnimale in the United Stites 
Notional Museum, Including the Biological Survers collection, te Arthur J. 
Poole and Viole 8. Sehanta zill+700 pp. April 8, 12. 

No. 178 Life histories of North Amertean fyentehers, larka, swallowa, and 
their allies, by Arthur Clevelond Rent. 1+ pp. TO ple, May 8, 1042. 


COMTHINGTIONS FROM THE U. & NATIONAL HERDARIUM : VOLUME 28 


Port 4. Planta collected by RC. Ching tn southern Mongolia ond Kanso 
Province, China, by E. Ho Walker. xill--07) pp, plu 21-97, July 2 1047. 


PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGY 


The editorial work of the Burean has continued winder the immedi- 
ute direction of the editor, M, Helen Palmer. During the year there 
were issued 1 Annual Report and 8 Bulletins, as follows: 


Pifty-elghth annual report of the Bureau of American Ethnology, 148-144. 
1A pp. February 11, 1042. 
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120 An orchbologieal survey of Pickwlek Basin in the nijacent portions 
of the States gf Alnbama, Miselealpp!, and Tennessee, by William & Webb 
and David L. DeJarnette. With additions by Walter B. Jones, J. P, EL Mor- 
rison, Marahall T. Newman aod Chars E Snow, and William G. Haag a0. 
pp. $16 pls, 00 fies. March 28, 1M 

190. ‘Archeological (avestigations et Buenn Vista Lake, Kern County, 
Culifurnia, by Waldo R. Wedel. With appenilix, Skeletal remalns from the 
Goria Vista, sites, California, by T. D. Stewart, UM pp. St ple, 10 fige 
July 14, M1, 

181, Peachtree Mound aud village site, Cherokee County, North Carolina, 
ty Fronk M. Setzler and Jesse D. Jennings. With appendix, Skeletal remus Lae 
from the Penchtree Site, North Carolina, by 'T. D. Stewart. 103 pp. fA) ppis., 
12 figs. October 9, ML 


PURLICATIONS OF THE ASTROPHY SICAL OBSERVATORY 


With funds supplied by John A. Roebling, the Astrophysical 
Observatory was able to publish volume 6 of the Annals. 

Annals of the Astrophyeles) Observatory of the Smitheontan Insiltnthon, Vol 
ome G, by O. G. Abbot. L. &. Aldrich, aod W. BH. Hoover, viil+207 pm, T pla. 
18 fies. (Publ, 2050.) April 24, 1042. 

REPORT OF THE AMERICAN HISTORICAL ASSOCIATION 


The annual reports of the American Historical Association are 
transmitted by the Association to the Secretary of the Smithsonian 
Institution and are communicated by him to Congress, as provided 
by the act of incorporation of the Aszoviation, The report for 1939 
(Proceedings) was issued in October 1941. The following were in 
press at the close of the year; Report for 1936, volume 3 (“Instruc- 
tions of the British Foreign Secretaries to their envoys in the United 
States, 1791-1812") ; report for 1937, volume 2 (Writings in American 
History, 1937, 1938) ; report for 1989, volume 1 (Proceedings) ; report 
for 1940: and report for 1941, volume 1, and volume 2 (Talleyrand 
in America as & financial promoter, 1724-96). 


REPORT OF THE NATIONAL SOCIETY, DAUGHTERS OF THE 
AMERICAN REVOLUTION 
The munusoript of the Forty-fourth Annual Report of the Na- 
tional Society, Daughters of the American Revolution, was trans 
mitted to Congress, in accordance with law, November 26, 1041. 


4 FOR PRINTING 


The congressional allotments for the printing of the Smithsontan 
Annual Reports to Congress and the various publications of the Gov- 
ernment bureaus under the administration of the Institution were 








virtually used up pat the close of the year. The appropriation for 
the coming year ending June 30, 1945, totals $58,500, allotted as 
follows: 








Smithsonian Tnatitution- : * $18, 000 
National Miaeum 2 
Barean of American Ethnology ———  _____________..- 17, 480 
National Catlection of Fine Arts... .§ on 


International Erchungs six) 
Nationa) Zoologleal Park =.= SS oy 
Astrophyslea] Ohearvatory ik 
American Historical Aswelation_-- 10, G20 





Ee 


SN dt ee ee ee ence a 83, 600 
Respectfully submitted. 
, W. P. Tauw, Chief, Editorial Division, 


Seeretary, Smithaonian Institution. 


REPORT OF THE EXECUTIVE COMMITTEE OF 
THE BOARD OF REGENTS OF THE SMITH- 
SONIAN INSTITUTION 


FOR THE YEAR ENDED JUNE 30, 1942 


To the Board of Regents of the Smithsonian Institution: 

Your executive committee respectfully submits the following report 
in relation to the funds of the Smithsonian Institution, together with 
a statement of the appropriations by Congress for the Government 
bureaus in the administrative charge of the Institution. 





SMITHSONIAN ENDOWMENT FUND 
‘The original bequest of James Smitheon wos FIOL.OGO Se G1. —2506,d1846 


Befinds of money expenied Io prosecution of the elalm, freights, insuraned, 
ete., together with payment Into the fond of the sum of 26,015, which had been 
withheld during the lifetime of Madame de ln Batut, brought the fond to the 
amount of $500,000, 

Since the original bequest the Institution has received gifts from various 
sources chiefly io the years prior to 1808, the Income from which tnay be used 
for the genornl work of the Inatimtion. 

To those gifts hae been added eapits! from anvings on Incorm, gain from sale 
of gecuritica, ete, and they cow stand on the books of the Inatitition a8 followa: 


Avery, Robert §. and Lydia T., bequest fund _—————-—- $51,044.75 
Endowment fond, from gifts, Income, et¢————-—---—--—~- ht, 745. 67 
Hachenberg, George FP. and Caroline, bequest a 4, O01. 08: 
Hamilton, James, bequest fond_—_________--__—_-----——- 2, 801. 61. 
Henry, Caroline, bequest fund_————-—-————-—---—-= 1, 208. 20- 
Hodgkins, Thomas G., fund_—_-—_-_-_—__--—-—__—-——_._ 144, 067. 43. 
Rhees, Willlam Jones, bequest fond _-_—______—--—--—--—- 1, 060. 14 
Sanford, George H., memorial fond_—__——_----——_——— 1, 285. G1 
Witherspoon, ‘Thomas A., memorial fund —— _.. LSS. 
Spectal fund ____-___-__—_-_— 1, 400. 00 


























‘Cota endowment for.geoncal woek-of the Kuetttelion_— 1, B81, 158, 87 
The Institution holds aleo a number of endowment gifts, the income 
of each being restricted to specific use. These are invested and stand 
on the books of the Institution as follows: 
Abbott, William I., fand, bequest to the Institution. : $106, 157. 88 
Arthur, James, fond, income for investlentions and study of the 
sun anid lecture on the ex. ———$__-—--—-—- So, TST. 45 
99 
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Baron, Virginia Ponty, fund, for u traveling scholarship to investl- 

fate funn of countries other than the United Btatea....... $48, 842 So 
Baird, Loev B., fund, for creating a memorial to Secretary Baird. 17, 088. 70 
Barstow, Frederic BD. fund, for porchase of animals for the 

Zoclogion)! Park. te Ton, 76 
Canfleid Collection fund, for inerekee nod care of the Canfield 

collection of minerals. ——-——- + --, 200018 
Casey, Thomas Ti, fond, for maintenance of the Casey collection 

and promotion of researches relating to Coleoptem ww = «s— issa 1 
Chamberlain, Fraoelg Les, fund, for increase and protection of 





ee Bo 











nase Lea collection of gems ond molinakea - 23,015. 5¢ 
‘Hillyer, Virgil, fund, for Increase nod core of Virgil Hillyer collec. 
thon of lighting objecta_._..... —— 6. 538. 40 





Hiteheork, Dr, Albert 8., Library fand, for core of Hitcheock 

















Agrostological Library _— ——— 1, 413. 20 
Hodeking fund, epectiic, for increase and Ai foster of more exuct 

knowlege in regard to nature and properties of atmospheric 

a oS Bessette ee IO 
Hughes, Brace, Mimd, te foun Fiithes aloore.._ ——— - W042 76 





Afyer, Catherine Walden, fund, for porchuse of first-claas works of 

ort for the us? of, and benefit of, the Notional Collecilon of 

Fine Arta —eeeeees)0=S ls 
National Collection of Fine At Arte, Strong s, Btroog Boquest_— 0), D4, fio 
Pell, Cornell Livinguten, fund, for malntenance of Alfred Duane 




















my Met. |. >. 7, 314 38 
Pooro, Lucy T, and Gearge W,, fund, for general use of the 

Tnvtitntion when principal amounts to the sum of $250,000  .  S41.983. 57 
Feld, Addison T., fond, for founding chair io Wolucy in merniry 

Of Asher Tutte ween 8 DTT 
Roebling fund, for core, Improvement, and focrense of Roebling 

collection of minernile.. oe 120, 067. 00 
Rolling, Miriam and Wiliam, find, for invemtieationg in phealen 

‘end chemistry... on 80, 40%, 25 
Smithsonian employees retirement func. — ee Zi), BGS. 67 


Bptinger, Frank, fon, for care, ete., of Springer collection ani 

brary = 17, S40. 82 
Waleott, Charles his and Mary Vaur, ceerarch fit, for develop 

ment of geological and paleontological studies and publishing 

resulta thereof si a4, 214. 8 
Younger, Helen Walcott, fund, beid nih See BO), 179 fo 
Zerber, Frances Brincklé, fund, for endowment of myoaria_. - Tor. 15 
Rpecial research fond, eit, In the form of real estate. ——- 20,048. 00 





























Total endowment for specific purposes other than Price 
endowment... See ee Te 


The above funds amount to a total of $9,569,288.59, and are carried 
in the following investment accounts of the Institution : 
0, 3. Treasury deposit acequnt, drawing 6 percent Interest_______ $1, 000, 000. 00 
Consolidated Investment fund (Income inj table below) 0.0 4. 270, O08, 4 


Real estate, mortznges, ete eee «6 BT Ad 
Special funda, miscetlanecus investments ———s—~- 61,502 80 











2, 660, 238. 60 


CONSOLIDATED FUND 
(Statement! of principal and income for the taat 10 geors 





Early in 1906, by deed of gift, Charles Li, Freer, of Detroit, gave to 
the Institution his collection of Chinese and other Oriental objects 
of art, as well os paintings, etchings, and other works of art by 
Whistler, Thayer, Dewing, and other artists. Later he also gave 
funds for the construction of u building to house the collection, and 
Gually in his will, probated November 6, 1919, he provided stock and 
securities to the estimated value of $1,958,501.42 as ap endowment 
fund for the operation of the gullery. From the above date to the 
present, time these funds have been increased by stock dividends, eay- 
ings of income, ete., to a total of $5,019,878.64. In view of the im- 
portance and special nature of the gift and the requirements of the 
testator in respect to it, all Freer funds are kept separate from. the 
other funds of the Institution, and the accounting in respect to them 
is stated separately. 

The invested funds of the Freer bequest are ¢lussified as follows: 
Court and ground fond_ ee Se See 
Court and grounds malutenonee Fand—_- == 106,381.00. 
Creator tand_———___$_—__ __ + - —. ——$__+__-—__-—__--——_—-— ti4, O83. O4 
Reskiiary tegaey———-—$_-_—$_______-__--—___———— 4, 410, 038. 68 








Total.-—_--—--—-----——_-_——___—-—+==______— 012, S78. G4 


SUMMARY 
fovested endowment for general purest _—_—____- —___-—_---——---~ £1, 331. 1. oT 
Invested endowment for speciile purposes other than Freer en- 
dowment i 2 SS Ge 











Total juvested endowment other thim Freer eniowment. 2, 600,258. Sp 
Freer Invested endowment for specific purposea-——_—---—-—-- 5, 012, 878. fH 





Total invested endowment for all purposes$-——--—---------- 8 49° 187.28 


———— 








Deposited In the U. & Treasury at 6 percent per annum, 24 au 
thorized in the United States Revised Statutes, sec, [501 ____ $1, 000, 000, 00 
Inveiiments other than Freer endowment (cost or morket value 
ot date aequired) : 
Bonide (24 different groups)_......_..______ $474, 228. 77 


Stocks (02 different groups) | (DOB, 155. 35 
Roa) estate and first-mortgage notes__..... 182, 702. (4 
Uninvested capital... =. ss de. 





1, 660, 285, 50 


Total investments other than Freer endowment =. ss, 2, S88, 255. 89 
Investments of Freer endowment (cost or markot 
Value af date aoqulred) : 


Bonds (43 different. groups) — § 334. 005. 23 








Stocks (69 diforent groupe)... 8, 480), 085, 55 
Real estate first-mortgage notes 8, 000. OO 
Uninrested enplta 101, 757. 8 
. — 6,012,575. 4 





Total lnvesimenis... §, 482, 187. 23 


————SSSS___ 
CASH BALANCES, RECKIPTE. AND DISBURSEMENTS DURING THE 
FISCAL YEAR' 


Cash balance on hand June 90, 1941 __ 








$407, 141. 14 
Revelpts: 
Onsh fneame from various sourcea for genernt! 
Work of the Institution... S70, 215, 02: 


Cash gifts and contritintions expendable for 
epecial sclentifie objects (not to be In a 
Varied) 28, 109, 00 

Cash gifts for special eclontific work (to he 
ih ae eS 24, 075. 
use other than Freer endowment and from 
Tilscellaneona sonurces (nelnding refund 
of temporary advancea). = 190, G05. 4 

Cash recelvad as royalties from Smithsonian 





Cush capital from sale, call of securities, 


ete. (to be:reinvested). 08 gt ras ng 


Total recelpts other than Freer endowment BOO, B54. 0 
Cash Ineome from Freer endowment $24). 007. 17 
Cash capital from siile, call of securities, 
ete, (to be reinvested) ___ 

















S00, 670, 49 
Total recelpte from Freer endowment. ss 4d, oe OS 
a 2, 08, Tae 45 
——————S se 


charge of Ee eens, Pot nelude Government appropriations under the afuinietrative 
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Disbursements : 

From funds for general work of the Institution: = | 
Bulldings—care, repairs, and alterations_— $3, 420.02 
Ubrry_—_—__________—_—_—- —-- 1,468 
Publications (compriaing preparation, print- Ca. 

ing, and diatripotion)—.—. 19, 807, 








| : Lat SS eae 





From funds for epecitic ue, other than Freer 
Endowment : | 
Investments made from gifts, fram gain from 
saie, etc, of secutities and from savings on Seat 
Other expenditures, consleting largely of re- 
 gearch work, travel, increase and core of 
upectal collections, ete, from income of en- 
dowment fonds, and from cash gifts for spe =, 
cifle we (incloding temporary advances) — U1, OS1 25 
Reinvestment of cash capital from gale, call 
Cost of handling securities, fee of Investenent 
counsel, atid aecroed Interest on bonds pur: ££ 
chased : _ £564.00 








$9, 677.17 














From Freer Endowment: | 
Opernting expenses of Lhe gallery, anlaries, 
field expenses, efe____ — fi, B08. TS 
Porchase of art objicts_—. al 110, BaD. 43 
Investments mado from gain from sale, ete, | 
of securittaa____.____--__-_-———- 11, 240, 70 
Reinvestment of ens enpital from:sale, call 
Cost of handling securitics, fee of Investment 
counsel, and acrrued | Ss a 














o70, 885, 13 
Cash balance June 34, 1432. —-—_-__-—- 7 . 740,823.78 











otal <-.-—--— | 088 TARAS 
Included in the foregoing are expenditures for researches in pure 
science, publications, explorations, care, increase, and study of collec- 
tions, ete., as follows: 
Expenditures from general funda of the Institution : | | 
Poblications —..____—__..— ee a 
Researches and cxploralions.___—__—_.-—_-- —-——--——— is son tit 02 














' This inchudes salary of the Recretary and eertale others. 
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Expenditures from funds devoted to specific purposes - | 
Researches and explorations___________________ $42, 88. 88 
Care, increase, and study of epecial colluctiona..... 3, SA es 








Py a -——=- 4, 06006 
Os a 8 er ee eee a1, 111. 


The practice of depositing on time in local trust companies and 
banks such revenues as may be spared temporarily has been continued 
during the past year, and interest on these deposits has amounted 
to $265.06. 

The Institution gratefully acknowledges gifts or bequests from the 
following: 

Research Corporation, further coutribations for research in radiation. 

John A. Roebling, further contributions for research In radiation. 

Mary Vaux Waleolt, bequest to atigment the Charles D, and Mary Vaux 
Waleott reseirch ‘fun 

All payments are made by check, signed by the Secretary of the 
Institution on the Treasurer of the Tnited States, and all revennes 
are deposited to the credit of the same aecount. In many instances 
deposits are placed in bank for convenience of collection and Inter 
are withdrawn in round amounts und deposited in the Treasury. 

The foregoing report relates only to the private funds of the 
Institution. | 

The following annual appropriations were made by Congress for 
the Government bureaus under the administrative charge of the 
Smithsonian Institution for the fiscal year 1949; 


Genera Expenses (inchidlng sopplemental oppropriition under the 
Ramspeck Act) ———-. 830), 4 





(This combines under one heading the appropriations heretofore 
mnie for Salaries pnd Expenses, International Exchanges, 
American Ethnology, Astrophysical Observatory, and Natlonal 
Collection of Fine Arts of the Smithsonian Institution, anid for 
Maintenance ond Operation of the United States National 
Museum. } 
Preservation of Collections (including supplemental appropriate 
under the Ramespeck Act) Sn +5 i! | 
> Sa en 
Ne : — —— .. 200 
Cooperation with the American Republics (transfer to the Senith- 
Stl an fnstitution). ae = 66, 500 




















ee ee +t —-—=-2- 1,410, 722 
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The report of the audit of the Smithsonian private funds is given 
below : 





Sepremone 8, LHL 
Smithsonian Inatitution, Washington, B.C. 

Sma: Pursuant to ngreement we have nudited the accounts of the Smilth- 
sonlan Institution for the fiseal year ended June 90, 11H2, and certify the balance 
of cash on band, including Petty Cash Fund, June 0), 194, to be STS, 

We have verified the record of receipts and disbursements malotnined by: 
the Institution and the agreement of the book bilances with the hank balunces. 

We have examined all the seenrities In the coitedy of the Institution and in 
the custody of the banks anid found them (to agree with the book records 

Wo have compared the stated Income of wach securities with the recelpta of 
record and found them in ogreement therewith, 

We have examined all vouchers eovering disbursements for account of the 
(natitution during the fiecul sear ended Jane 20, 1042, together with the author- 
ity therefor, ant have compared them with the Institution's record of 
expenditures ani) found them to agree. 

We bave examined and verified the accounts of the Institution with each 

We found the books of necount and records well and accurately kept and the 
securities conveniently Micd and securely cared for. 

AM information requested by your auditors was promptly anil courteously 
furnished. 

We certify the Balance Sheet, in our opinien, correctly presents ihe finaocinl 
condition of the Institution se at Tune 20, 1942 

Respectfully submitted, 

Wiittau L, YAruni,. 
Certifed Public Accountant. 
Respectfully submitted. | 
Frememc A. Deano, 
Vanrsevan Bost, 
Cnanexce CANNON, 
Executive Committed, 
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ADVERTISEMENT 


The object of the Genera Arresprx to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis 
covery in particular directions; reports of investigations made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

Tt has been a prominent object of the Board of Regents of the 
Sinithsonian Institution from ao very early date to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution: and, during the greater part of its history, this. 
purpose has been carried out largely by the publication of such papers 
as would possese an interest to all uttracted by scientific progress. 

In 1880, induced in part by the discontinuance of an annual guin- 
mary of progress which for 80 years previously had been issued by 
well-known private publishing firma, the secretary had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
mieteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satixfactorily, down to and including the year 1885, 

In the report for 1889 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing « considerable range of scientific investigation and discus- 
sion. ‘This method has been continued in the present report for 1042, 
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THE 1914 TESTS OF THE LANGLEY “A R 





Secretary, Sneithsonian Institution 

Norn —This paper has been submitted to Dr. Orville Wright, and under date of 
October 8 1042, he states that the paper as now prepared will be acceptable to him 
if civen adequate pobiicution. | 

It is everywhere ucknowledged that the Wright brothers were the 
first to make sustained flights ina heavier-than-air machine at Kitty 
Hawk, North Carolina, on December 17, 1908. 

Mainly because of acts and statements of former officers of the 
Smithsonian Institution, arising from teats made with the recondt- 
tioned Langley plane of 1908 at Hammondsport, New York, in 1914, 
Dr. Orville Wright feels that the Institution adopted an unfair and 
injurions attitude. He therefore sent the original Wright Kitty Hawk 
plane to England in 1928, The nature of the acts and statements 
referred to are as follows: 

in March 1914, Secretary Walcott contracted with Glenn H. Curtiss 
to attempt a fight with the Langley machine. This action seetns ill 
considered and open to criticism. For in January 1914, the United 
States Court of Appeals, Second Cireutt, 4 d handed down 4 decision 
recognizing the Wrights as “pioneers in the practical art of flying with 
heavier-than-air machines” and pronouncing Glenn H. Curtiss an in- 
fringer of their patent. Hence, in view of probable further litigation, 
the Wrights stood to lose in fame and revenite and Curtiss stood to gain 
pecuniarily, should the experiments at Hammondsport, indicate that 
Langlty’s plane was capuble of sustained flight in 1903, previous to the 
anecessful flights made December 17, 1008, by the Wrights at Kitty 
Hawk, N, C. 

The machine was shipped to Curtiss at Hammondsport, N. ¥., in 
April. Dr, Zahm, the Recorder of the Langley Aerodynamics! Lab- 
oratery and expert witness for Curtiss in the patent litigation, was at 
Hammondsport as official representative of the Smithsonian Tnstitu- 











3 Ruprinted from Smithwonlan Misceullancous Collections, vol, 103, Mo, B, Get. 24, 1045. 
Ver an aecoont of early Langley and Wright eeronautical trrewtigatinos, ae ihwonian 
Report for 12+ and The Century Magazine of September 1208. 
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In the reconstruction the machine was changed from what it wus in 
{X18 ine number of particulars as given in Dr. Wright's list of dif- 
ferences which appears later in this paper. On the 28th of May and 
the 2d of Juns, 1914, attempts to fly were made, After acquiring speed 
by running on hydroplane floats on the surface of Lake Keuks the 
tnachine lifted into the air several different times. The longest time 
off the water with the Langley motor was upproximately five seconds. 
Dr. Zahm stated that “it was apparent that owing to the great weight 
which had been given to the structure by adding the floats it was 2ec- 
essary to increase the propeller thrist”, So no further attempts were 
made to Ay with the Langley 52 HP engine. 

It is to be regretted that the Institution published statements re- 
peatedly * to the effect that these experiments of 1914 demonstrated 
that Langley’s plane of 1908 without essential modification waa the 
first heavier-than-air machine capable of maintaining sustained human 
flight. 

As firet exhibited in the United States National Museum, January 
15, 1018, the restored Langley plane of 1903 bore the following label: 


THE ORIGINAL, FULE-SIZE 
LANGLEY FLYING MACHINE 1K 
For this simple label others were later substituted containing the claim 
that Langley’s machine “wus the first man-carrying seroplane in the 
history of the world capable of sustained free flight.” 

Though the matter of the label is not now an issue, it seems only 
fair to the Institution to say that in September 1928, Secretary Abbot 
finally caused the label of the Langley machine to be changed to read 
simply as follows: 





LANGLEY AERODROME 


THE ORIGINAL SAMUEL PIERPONT LANGLEY 
FLYING MACHINE OF 1008, RESTORED. 


Deposited by 
The Smithaonlan Inatltatios 
ee A | 


This change has frequently been overlooked by writers on the 
controversy, 

Ih January 1942, Mr. Fred C. Kelly, of Peninsula, Ohio, communi- 
cated to me a list of differences between the Langley plane as tested 
in 1914 and as tested in 1003, which he had received from Dr. Wright. 





*Smitheonlan Reporte: 1914, pp. §, £10, 221, FE2; 1015, pp. 14, 121; 1817, p 4; 1018, pp 
%, 28, 114, 148. Report of 0. 8. National Moseim, 19t4, pp. 44 and 47. 
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This list ie given verbatim below. The Institution accepts Dr. 
Wrights statement as correct in point of fucts. inferences from the. 
comparisons are primarily the province of interested experts and are 
not discussed here, 


COMPARISON OF THE LANGLEY MACHINE OF 1003 WITH ‘THR 
HAMMONDSPORT MACHINE OF MAY-JUNE, 1614 








LASOLEY, 160g 


HAMMONDAPIET, 114 


ay Shes 


l Sax: 1'e" swe (LL. Mp. So) 
9 Ama: 140 ay OF. (LL Mop 200) 
3 AsPeor Ratt: 1.18 

4 Case: 1/12 (LM, p BS) 


OG leans Koor: Wire 1/18" di- 
ameter (lc M, CL oO) 


6 Govenrva: Cotton fabric, not VAr- 
nished, 

7 Conrm: Sean; Cylindrical wood- 
en spor, menwuring 144°" dia. for 
half (tt length om) tapering to 1” 
atite tip. GL Sip. 20). Loented 
on opper side of wing. 


9 Ries: Hollow box otairoction. 
(L. M. Plates 06, 67) 


Boe; 10°" xc "6" 

Amei : 068 aq. ft 

Agpnor Hatio: 216 

Leanne Boo: Cyiindrics) spar 144" 


dia. at inner eda, tnpering to 1° din. 


nt outer ete 
Covectsa: Cotton fabric, varnished, 


Corres Sra: Cylindrical spar about 
114" dia, nt inser end, tapering to 
abent 1°‘ din. at outer end. Located 
on upper aile of wing. ‘This center 
cpr wee reinforced (1) by an extra 
wouwlen member on the unmdor side of 
the wing, which meagured 1° x14" 
aint extended to the 7th rib from the 
ceoter of the machine; and (2). by 
another wooden reinforcement on 
the coder alde extending ont about 
one-fourth of the length of the wing. 
rss: Most of the original Langley 
box rike were replaced with others — 
made ot Hummendsport (Manly 
letter, 1914). The Hammondsport 
ribs were of solld construction and 
oinde of luminated woud. ‘That part 
of the rib in front of the forvand 
spar wae entirely omitted, 








Sse «= WANMONDSPORT Wine TAUSSING (Si< 


® Lowre Gur-Poets: A single round 
wooden post for each palr of wings 
(seu Fig. 3), 1%" in dis. 644" long. 
(L. M. Pinte @2, p. 154). 


10 The front wing guy-post waa located 
23%," in front of the nmin center 
spar. (LM. Plate &). 


11 The rear wing guy-post waa located 
814%"" in front of the malo: center 
epar, (1, M Plate &). 

12 Weres Gur-Forrs: For each pair 
of wings « eingle steel tube 4"" din., 
a2" jong, (1. Ap. 184, pl G2), 


13 Front wing upper guy-pont located 
2814" Jo front of the mul center 
apir, (1. M. pl &3). 

14° The rear wing upper guy-poet was 
lone ted 114" (a front of the maln 
center apar. (L. ML pl 53). 

15 Trvssreo; The wing trussing wires 
were ilfachel to the epars at the 
center (I. M. pl D4). The angtes 
between these wires and the epura to 
which they were attached are shown 
in Fig. 3 


Lowes GUr-Poers; Four for each palr 
of wligs (me Fig. 4), two of which 
wore of streamilne form monsuring 
1ij”’ a 46" = 04" Jong; and two mona 
uring 2°’ x 2° with rounded corners, 
meryyie lowe. 

The front wing guy-poste were located 
The rear wing guy-poata were located 
direetly under the malin center sper, 
3144" further rearward than in 1908, 


Ceree Giuy-Poers: For each pair of 
wings, two streaioling wooden posts 
each 1°" x 844", To” long, forming an 
Inverted V. {See Fig. 4), 

Frout wing upper guy-posts located 
directly over main spar, 2544" further 
rearward than tn 103. 

directly over the maln center spar, $144" 
farther rearward than tn 1003, 


Taussro;: A different system af wing 
trossing woe used, und the wing tru 
lng wires were attached to the spars 
ot the Srd, fth ond Oth ribs from the 
center, The angles between these -wlres 
and the ere to which they wore at- 
tached were afl different trom those In 
arise | Langley machine. (See 





16 Vane Huvren: A split van com- 


posed of (wo sirfices united at their 


jeodiog edges and separuted if’ at 
their trailing edges, thre forming 4 
wing. Each surface measured 2°" 
< 46", with aapect rotho 4 
p. 214, pla. 05, Te). 


IT Operated by meate of a wheel located 
alizghily in front of the plint ot like 
right side ond of the belgtit of his 
shoulder (I. M. p 21, ple 0, O4). 


18 Used for stecring only (2. Mp S14). 


1) Fresatp ‘Tam: This was «a dart 
shaped tell huving a vertical and o 
borlzonta! surfacg (Tenand tail), 
each measuring 05 oq. ft Tf was 
lucated in the rear of the maln frame. 


2) Attached! to bracket extending be- 
low the main Ermme. 
“Normally inactive’, (1. M. p, 210) 
but wdjostable about oo Lronsverse 
horizontal oda by menue of o eclf- | 
locking wheel locnted at the right 
side of the pilot, even with bla back, 
ami at the height of bis #honlder. 
ilu Mi ple. Gi, UF). 
Immorable about & wertlon! axis. 
iL. M. p 2, pl M, Fig 1.) No 
mri were provided for adjusting 
this rudder about », vertical oxia in 
flight. “Although it was necessary 
that the large agrudrome should be 
vapable of belng steered in n bori- 
tontal direction, it was felt to be 
unwise to give the Penood tall andl 
rudder motion in the horizontal plane 
ln order to attains thie ond" tL. ob 
p. 2i4). 
Kea: A fiz! vertice! surface tn- 
dernvath the soni frame miasuring 
3'o"" In height by & average length. 
Area 19 oq. ft. (EL. MM, pl Oh). 
501591—43— 


al 


Veurican Rvonen: The Longley vane 
rudder was replaced by a single plane 
vertical rudder which measured 3/4" x 
5, with aspect ratio of 7. 


Operated of Hammondeport through the 

Curtiss gtecring wheel In some testa, 
iZalm affidavit pp 6, 6). through the 
Qurtiae shoulder yoke li some olbers 
(Manty letter, 1914), and fixed a0 ga 
not to be oparnble at all ini stil others, 
(Zato atidavir p. 7), 


ed “ay a vertileal plloron te eontrol 
the Ieterul] poise of the mothine”, 
(Zaln affidavit p &) os woll as for 
steering, (Zahm oMdavit p, 7). 

Tam, Ruwom: Some alee pod construc: 
thon oe In IDO, 


Attached to anme bracket of a point 
about 8° higher thm in a0. 
Operable obewt-a transverse horizontal 
axis ond connéeted to a reguinr (urthes 
of (he pilot (Zalim affidavit p 5). 


lmmovatle aboot mo rerticnl 
Alig 28, 1914, only, 


axis on 
Thereafter it was 


made movable nbout o wvertleal axis 


and wae coinecte) through cables to 
0 Curtias steering wheel mounted on o 
Cartiss conirol gost directly in front 
of the pilot, 


Keev: Entirely omitted, 
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MM Laresat Stamuarr: The dibedral Lereaat Sramerrr: Three means were 
only wae ubed for malotatalng lot- used for securing Jatern) tulaner af 
ern! balances. (1. AL p. 45); Hammondsport: The dihedral angle os 

peed by Langiey, a rodder which “serves 
ae 4 verticn) alleron” (2Znhm affidavit 
p. 6), ond the Pengud tall radder, The 
Inst two constituted i aystem “Identical 
in principle with that of Complainant's 
(Wright] combined warping of the 

4) LONOITURINAL Bramuirr: Langley Loworrepivas Sramry: At Ham- 
elied upen the Penaod system of mondeport the Penand Inherent Lengel 
tnherent stability for mmintaining tadinnl stability Was supplemented with 
the lomgitudios! eqoiiitrlum. “For an elerator ayetem of control 
the preservation of the equlllbrinm 
Liongitodinw) of the aerodrome, 
though the aviator might assist by 
fuch slight movements os he we 
Oble to make in the limited space of 
the aviator’s car, tho malin rejlanes 
wae Won the Penood tall” (Ll. Mf. 

p. 215). 

20 Simesine: Steering in the horizontal Stramxixc; On one day, May 28, 1924, 

plane was done entirely by the split- steering In the horizontal plane wos 
Yano steering rodder located under. done with the vertien! rudder which 
wath the main from (L M. p had been anhatituted for the original 

der (Halim affidavit p. 7), which in 1904 
({L. M. p, 214). 


POWER PLANT 


27 Moru: Langley B extivder radial, Moma: Langley motor modified. 
33 Towrnon: Jamp epirk with dry cell loxrmox: Jomp epark with mienetu. 
batteries, (T. AL p. 262), 
20 Caxntneron: Balser ¢nvburetor con: Camsmerog: Antumobile type with 
@iating of sg chamber filed wlth float few, 
hunpa of porous omliluiar wood sat- | 
urate! with gasoline, The alr woe 


1 Rantator; Tubes with radiating Haptaron: Automobile radiator of 
firm. boneyeumh type. 


41 Poort: Langley propellers (Le Pearatzi u: Langley propellers modl- 
M. pl i; pp. 178-182), fed “after fnahion of exrly Wright 


blades”. 
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82 Latxcuina; Catapult mounted on Larvecmino; Hydroplanes, developed 
eo homebont. 1900-1014, attached to the machine. 

88 Faoara: Five cylindrical tin flonts, Fuoars: Two wooden hydroplane flivats, 
with conlent enda, attached te undecr- mounted beneath and abet 6 feet to 
aide of maln frame ot appropriate elther elde of the enter of the machine 
pelnta, and about «ix feet above low- at the lateral extremities of the Pratt 
ext part of machine eystem of truseing ased for binacing the 

wing spars of the forward wings; aod 
one (pert of the time two) tin cylin 
dries! foata with conical enda, similar 
to fut tnrger than the Langloy oats, 
* mounted at the center of the Pratt 
system of trussing used) for bracing the 
mounted from four to five fect lower 
than the floats of the original Langiey, 
thet keeping the entire machine above 

the water, 


4 Tora. Wor: With pilot, 8) Tora. Wetomr: With pliot, 


pounds (i. M. qu 200). potas. 
3 Crores Geavirr: 3/8" above Une of Creare Geavrrr: About one foot below 
thrust. Line of throet. 


Since I became Secretary, in 1925, T have made many efforts to com- 
pose the Smithsonian-Wright controversy, which I inherited, IT will 
now, speaking for the Smithsonian Institution, make tho following 
ttatement In an attempt to correct as far as now possible acta and 
assertions of former Smithsonian officials that muy have been mis- 
leading or are held to be detrimental to the Wrights. 

1. I sincerely regret that tho Institution emploved to make the 
testa of i914 an agent who had been an unsueceseful defendant in 
patent litigation brought ageint him by the Wrights 

2, [sincerely regret that statements were repeatedly made by officers 
of the Institution that the Langley machine was flown in 1914 “with 
certain changes of the machine becessary Lo tee pontoans,” without 
mentioning the other changes included in Dr, Wright’ list. 

%. I point out that Assistant Secretary Rathbon wae misinformed 
when he stated that the Langley machine “without modification” mado 
‘successfu) flights,” 

4. I sincerely regret the public statement by officers of the Institu- 
tion that “The tests” [of 1914] showed “that the late Secretary Langley 
lind succeeded in building the first aeroplane capable of sustained free 
fight with a man.” 
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5. Leaving to experts to formulate the conclusions arising from the 
1914 tests as a whol®, in view of all the facts, T repeat in substance, but 
with umendments, what I have ulready published in Smithsonian Sci- 
entific Series, Vol, 12, 1992, page 227: 

The flights of the Langley aerodrome at Hammondsport in 
1914, having been made Jong after flying had become a common 
art, and with changes of the machine indicated by Dr, Wright's 
comparison as given above, did not warrant the statements pob- 
lished by the Smithsonian Institution that these tests proved 
that the large Langley machine.of 1903 was capable of sustained 
flight tarrying a man, 
_ 6. Tf the publication of this paper should clear the way for Dr. 
Wright to bring back to America the Kitty Hawk machine to which 
all the world awards first place, it will be a source of profoimnd and 
enduring gratification to his countrymen everywhere, Should he 
decide to deposit the plane in the United States National Museum, 
it would be given the highest place of honor, which is its due. 








THE PROBLEM OF THE EXPANDING UNIVERSE * 


By Eowtn Hvwsce 
Mount Wilson Observatory 


I propose to discuss the problem of the expanding universe from the 
observational point of view. The fact that. such a venture is permis- 
sible is emphatic evidence that empirical research has definitely en- 
tered the field of cogmology.. The exploration of space has swept out- 
ward in successive waves, first, through the system. of the planets, 
then, through the stellar system, and, finally, inte the realm of the 
nebulae, Today we study a region of space so vast and so homio- 
geneous that it may well be a fair ample of the universe, At any 
rute, we are justified in adopting the assumption as a working hypothe- 
sis and attempting to infer the nature of the universe from the: ob- 
served characteristics of the sample, One phase of this ambitious 
project is the observational test of the current theory of the expanding 
universes of general relativity. 

I shall briefly describe the observable region of space as revealed 
by preliminary reconnaissance with large telescopes, then sketch the 
theory in outline, and, finally, diseuss the recent more ‘accurate ob- 
servations that were designed to clarify and to test the theory. 





THE OBSERVABLE REGION 


The sun, as you know, is a star, one of several thousand millioy stars 
which together form the stellar system. ‘This system is a great swarm 
of stars isolated in space. It drifts throngh the universe a5 a swarm 
of bees moves through the summer air, From our position near the 
sun we look out through the swarm of stars, past the borders, and 
into the woiverse beyond. 

Until recently those outer regions lay in the realm of speculation. 
Today we explore them with confidence. They are empty for the 
most part, vast stretches of empty space. But here and thore, sep- 
arated by immense intervals, other stellar systems are found, com- 
parable with our own. We find them thinly scattered through space 

i Eepeinted by permission trem the @igms Xi quarterty, val, 3, so. 4. April 142. In- 
eluded lo Belence in Progress, Beriew [Tf tnil, Miz. 
Lip 
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out as far as telescopes can reach, They are so distant that, in gen- 
eral, they appear as small faint clouds mingled among (he stars, and 
many of them have long been known by the name “nebulue.” Their 
identification as great, stellar systems, the true inhabitants of the uni- 
verse, Was a recent achievement of great telescopes. 

On photographs made with such instruments, these nebulae, these 
stellar systems, appear in many forma. Nevertheless they foll nat- 
urally into an ordered sequence ranging from compact globular masses 
through flattening ellipsoids into a line of unwinding spirals. The 
array exhibits the progressive development of a single basic pattern, 
and is known as the sequence of classification. Tt may represent the 
life history of stellar systems, At any rate, it enphasizes the common 
features of bodies that belong toa single family. 

Consistent with this interpretation is the fnct that these stellar 
syatems, regardless of their structurn] formas, are all of the ren - 
eral order of intrinsic luminosity; that is, of candlepower. They 
average about 100 million suns and most. of them fall within the 
narrow range from one-half to twice this avernge value. Giants and 
dwarfs are known, 10 to 20 times brighter or fainter than the average, 
but their numbers appear to be relatively small. This conclusion 1s 
definitely established in the case of giants, which can be readily ob- 
served throughout an immense volume of ¢pare, but is still speculative 
in the case of dwarfs which can be studied only in our immediate 
vicinity. 

The limited range in. luminosity is important because it offers a 
convenient mensure of distance, As a first approximation, we may 
assume thet the nebulae ure all equally luminous, and, consequently, 
tliat their apparent faintness indicates their distances, The procedure 
is not reliable in the case of a single objeot, because the particular 
wehula might happen to be « giant or a dwarf rather than a normal 
stellar system, But for statistical purposes, where large nombers of 
nebolas are involved, the relatively few giants and dwarfs should 
average out, and the mean distances of large groups may be accurately 
determined. It is by this method that the more remote regions of 
space, near the limits of the telescope, may be explored with confidence. 

Throughout the observable region the nebulae are found scattered 
singly, in pairs, and in groups up to great compact clusters or even 
clonds, The small-scale distribution is irregular, and is dominated 
by a tendency toward clustering. Yet when larger and larger vol- 
umes of space sre compared, the minor irregularities tend to average 
out, and the samples grow more and more uniform. If the observable 
region were divided into w» hundred or even a thousand equal parts, 
the contents would probably be nearly identical, Therefore, the large- 
scale distribution of nebulae is‘snid to be uniform ; the observable re- 











We may now present « rough sketch of our sample of the universe. 
The faintest nebulie that can be detected with the largest telescope in 
operation (the 100-inch reflector on Mount Wileon) are about 2 mil- 
ion times fainter than the faintest star that can be seen with the naked. 
eye. Since we know the average candlepower, of these nebulne, we 
can estimate their average distance—500 million light-years A 
sphere with this radius defines the observable region of space, 
Throughout the sphere are scattered about 100 million nebulae, at vari- 
ous stages of their evolutional development. These nebulne average 
about 100 million times brighter than the sun and several thousand 
million times more mssive, Our own stellar system iss giant nebula, 
and is presumably 4 well-developed, open spiral. The nebulue are 
found, as has been said, singly, in groups and in clusters but, on the 
grand scale, these local irregularities average out and the observable 
region aga whole is approximately homogeneous. The average in- 
terval between neighboring nebulae is about 2 million light-years, and 
the internebular space is sensibly transparent. 


THR LAW OF RED SHIFTS 


Another general characteristic of the observable region lms heen 
found in the law of red shifts, sometimes culled the velocity-distance 
elation. ‘This fenture introduces the subject of spectrum analysis. 
It is well known that, in general, light from any source 1s a composite 
of many individual colors or wave lengths. When tho composite beam 
passes through a glass prism or other suitable device, the individual 
colors ure separated out in an ordered rinbow sequence, known ms @ 
spectrum, The prism bends the light waves according to the wave 
length. The deflections are least for the long waves of the red and 
are preatest for the short waves of the violet. Hence position in the 
spectrum indicates the wave length of the light falling at any par- 
ticular pince in the sequence. 

Incandescent solids, and certain other sources, radiate light of all 
possible wave lengths, and their spectra are continuous, Incande 
cent gases, however, radiate only certain particular wave lengths, and 


their spectra, called emission spectra, consist of various isolated colors 
separated by blank spaces, The patterns are wall known, hence gases 
in a distant light source can be identified by their spectra. 

The sun presents a third kind of spectrum, known as an absorption 
spectrum. ‘The main body of the sun furnishes a continuous spec- 
trum. The heavy atmosphere surrounding the main body 1s gaseous 
and would normally exhibit an emission spectrum, Actually, the at- 
mosphere, beenuse it is cooler than the main body, absorbs from the 
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continuous background those colors it would otherwise emit. ‘There- 
fore the solar spectrum is a continuous spectrum on which is super- 
posed a pattern of dark gaps or lines. These dari lines identify the 
gases in the solar atmosphere and indicate the physical conditions 
under which they exist. 

Tho nebulae aro stellar systems, and their spectra resemble that of 
the sun. Dark lines due to calcium, hydrogen, tron, and other ele- 
ments in the atmospheres of the component stars are identified with 
camplete confidence. In the ease of the netrer nebulae, these lines are 
close to their normal positions as determined in the Jaboratory or in 
the sun. In general, however, accurate measures diselose slight) dis- 
placements, either to the red or to the violet side of the exact normal 
positions: 

Such small displacements are fomiliar features in the spectra of 
stars and are known to be introduced by rapid motion in the line of 
sight. If» star is rapidly approaching the observer, the light waves 
are crowded together and shortened, and all the spectral lines appear 
alightly to the violet side of the normal positions. Conversely, rapid 
recession of a star drags out and lengthens the light waves, and the 
spectral lines are seen to the red of their normal positions. 

The amounts of these displacements (they are called Doppler 
shifts) indicate the velocities of the stara in the line of sight. If the 
wave lengths are altered by a certain fraction of the normal wave 
lengths, the star is moving at a velocity which is that same fraction 
of the velocity of light, In this way it has been found that the stars 
are drifting about at avernge speeds of 10 to 50 miles per second, 
and, indeed, that the stellar system, our own nebula, is rotating about 
its center at the majestic rute of one revolution in perhaps 200 mil- 
lion years. | 

Similarly, the nebulae are found to be drifting about in space ut 
uverage speeds of the order of 150 milea per second. Such speeds, 
of course, are minote fractions of the velocity of light, and the cor- 
responding Doppler shifts, which may be either to the violet or to 
the red, are barely perceptible. | 

But the spectra of distant pebulae show another effect as con- 
pictous as it is remarkable. The dark absorption lines are found 
far to the red of their normal positions. Superposed on the small 
red or violet shifts representing individual notions, is a systematic 
ehift to the red which increases directly with the distanves of the 
nebulae observed. If one nebula is twice as far away as another, 
the red shift will be twice aa large; if 4 times as far away, the red 
shift will bo » times a4 large. This relation is known us the law of 
rel shifts; it appears to be quite a general feature of the observable 
region of spice. 
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Lf these systematic red shifts are interpreted as the familiar Dopp- 
ler shifts, it follows that the nebulae are receding from us im all 
directions ut velocities thut increase directly with the momentary 
distances. ‘The rate of increase is about 100 miles. per second per 
million light-years of distance, and the observations have been car- 
ried out to nearly 250 million light-years where the red shifts cor- 
respond to velocities of recession of nearly 25,000 miles per second 
cor U4 the velocity of light. 

On this interpretation the present distribution of nebulae could 
be wccounted for by the assumption that all the nebulae were once 
jammed together in a very small volume of space. Then, at a certain 
instant, some 1,800 million years ago, the jam exploded, the nebulae 
rushed outward in all directions with all possible velocities, and they 
have maintained these velocities to the present day, Thus the nebu- 
ine have now receded to various distances, depending upon ther 


initial velocities, and our observations necessarily wnlcover the law 
of red shifts, 


This pattern of history seems 50 remarkable that some observers 
view it with pardonable reserve, and try to imagine slternative ex- 
planations for the law of red shifte. Up to the present, they have 
failed, Other ways are known by which red shifts might be pro- 
duced, but all of them introduce additional effects that should be 
conspicuous and actually are not found. Red shifts represent Doppler 
effects, physical recession of the nebulae, or the action of some 
hitherto unrecognized principle in nature. 


COSMOLOGICAL THEOKY 


The preliminary sketch of the observable region was completed 
about 10 years ago. It was not necessarily a finished picture, but it 
furnished a rough framework within which precise, detailed investi- 
gations could be planned with a proper understanding of their relation 
to the general scheme. Such new investigations, of course, were 
guided when practical by current theory. Let me explain the sig- 
nificance of this procedure. 

Mathematicians deal with possible worlds, with an infinite number 
of logically consistent systems. Observers explore the one particular 
world weinhubit, Between the two stands the theorist. He studies 
possible worlds but only those which are compatible with the mfor- 
mation furnished by observers. In other words, theary attempts to 
segregate the minimum number of possible worlds which must include 
the actual world we inhabit, Then the observer, with new factual 
information, attempts to reduce the list still further. And #0 it goes. 
observation and theory advancing together toward the common goal 
of science, knowledge of the structure and behavior of the physical 
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The relation ic evident inthe history of cosmology, Tho study 
firad was pure apeculation. But the exploration of space moved 
outward until finally a vast region, possibly a fair sample of the 
miverse, was opened for inspection. Then theory was revitalized; 
it now had # sure base from which to venture forth. 

Current theory starts with two fundamental principles: general 
relativity and the cosmological principle. General relativity states 
that the geometry of space is determined by the contents of space, nnd 
formulates the nature of the relation. Crudely put, the principle 
states that space is curved in the vicinity of matter, and that the 
amount of curvature depends upon the amdunt of matter, Because 
of the irregular distribution of matter in our world, the small-scale 
structure of space is highly complex. However, if the universe is 
sufficiently homogeneous on the large scale, we may adopt a general 
curvature for the universe, or for the observable region os a whole, 
just as we speak of the general curvature of the earth's surface, 
disregarding the mountuins and ocean basins. The nature of tho 
spatial curvature, whether it ig positive or negative, and the numeri- 
cal valne, is a subject for empirical investigation. 

The secarid, or cosmological principle is a puré aseumption—the 
very simple postulate that, on the grand seale, the universe will 
appear much the same from whatever position it may be explored. 
In other words, there ie no favored position in the universe, no 
center, no boundaries, If we, on the earth, see the universe expand. 
ing in all directions, then any other observer, no mutter where he is 
located, will also see the universe expanding in the same manner. 
The postulnte, it may be added, implies that, on the grand scale, tho 
universe is homogeneous ani isotropic—rory much the same svery- 
where and in all directions. 

Modern cosmological theory attempts to describe the types of 
universes that ure compatible with ihe two) principles, gencral rela- 
tivity and the cosmological principle. Profound analysis of the 
problem leads to the following conclusions, Such universes. are 
unctable. They might be momentarily in equilibrium, but the 
| alightest internal disturbance would destroy the balance, and disturb- 
atees must occur. Therefore, these possible worlds are not stationary. 
They are, in general, either contracting or expanding, although 
theory in its present form does not indicate either the direction: of 
change or the rate of change. At this point, the theorist turned to 
the reports of the observers, The empirical law of red shifte was 
necepted aa visible evidence that the universe is expanding in a 
particular manner and at known rate. Thus arose the conception 

} homogeneous expanding wniverse of general relativity, 

In such universes, the spatial curvature is steadily diminishing ns 
the expansion progresses. Furthermore, the nature of the expansion 
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is such that gravitational assemblages maintain their identities. In 
other words, material bodies or groups and clusters of nebulac do not 
themselves expand but maintain their permanent dimensions as their 
neighbors recede from them in all directions, | 

Severn] types of expanding universes are possible, and some of 
them tan be further specified by the nature of the curvature, whether 
it ig positive or negative. In fact, the particular universe we inhabit 
sould be identified if we had sufficiently precise information on three 
measurable quantities, namely, the rate of expansion, the mean 
density of matter in space, and the spatial curvature at the present 
epoch. Recent empirical investigations have been directed toward 
these problems, and the results will be briefly described in the remain- 
ing section of this discussion. 


COMPARISON OF THEORY AND OBSERVATIONS 


We may begin with two results which are thoroughly consistent 
with the theory. ‘The first result concerns the assumption of home- 
geneity; the second, the conclusion that groups maintain their dimen- 
sions as the universe expands, 

‘The distribution of nebulae has been studied in two ways. The first 
information came from sampling surveys at Mount Wilson and at the 
Lick Observatory. Small areas, systematically scattered over the sky, 
were studied with Inrge telescopes, Thus the nebulae that were 
counted lay in narrow cones penetrating to vast distances. These 
surveys established large-scale homogeneity over the three-quarters af 
the sky that could be studied from the northern Intitudes of the ob- 
servatories involved, 

Later, the Harvard College Observatory, with the help of its south- 
ern station, has furnished counts of the nebulae extending over large 
areas but made with moderate-sizé telescopes, In other words, these 
nobulae are scattered through wide cones penetrating to moderate dis- 
tances. Shapley, in his reports, has stressed or perhaps overstresaed, 
the familiar, small-seale irregularities of distribution, but analysis of 
such published data as are adequately calibrated agrees with the earlier 
conclusion. In fact, the mean results from the two quite different 
methods of study are sensibly the same. ‘This fact reemphutizes the 
large-scale homogeneity of the observable region. 

The second result is derived from « study of the Local Group. Owe 
own stellar system is one of a dozen nebulae that form a loose group, 
more or less isoluted in the general field. These neighboring systema 
furnished the first clues to the nature of the nebulas and the scale of 
‘nternebular distances, ‘They are so near that their brightest stars 
could be recognized and compared, with similar stars In our own S¥#- 
tam, Radial velocities af the members of the Local Group, listed in 
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table 1, suggest that the law of red shifts probably does not operate 
within the group. This conclusion is positive evidence supporting the 
validity of the theory. If the universe ia expanding, the group main- 
tains its dimensions as the theory requires. , 

The remainder of the recently accumulated information is not favor- 
ablé to the theory, It is so damaging, in fact, that the theory, in 
its present form, can be saved only hy assuming that the observational 
results include hidden systematic errors, The latter possibility will 
naturally persist until the investigations can be repeated and improved. 
Nevertheless, a careful reexamination of the data now available sug: 
gests no adequate explanation of the diserepancies. 


Tine 2 —Radiw peloriiica in the Looal (iromp 


The oheerved velocities (wecond columns) represewt 4 more reasonable distri- 
botlon than the velocities enrrected for red shifts Offth eclumna), The latter 
are all lurge aod neestive with the exception of the first two, for which the red 
thift= om insignificant, Thie fact maggeste that the law of red ebifis does pot 
operate within the Local Gorn, 


LOCAL GROUP 


| Velocity 
Miheerved "milan" Fuperted oath 
Knows merriterrn salecity yenre rod shift remored 
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"A epetiram of an objet in BW? D615, pbtained ty Bande. shows a definitely neontira 
reloctty. ‘The nomerical elude of tho velocity le rather uncertain, andl, for this receen je 
Sat teelddedd in the table. flowerer, (he becative elem fodlentos thar 1° 9012 (a eonelatent 
wiih the other members of the Loca) Grogp 


THE INTERPRETATION OF RED SHIFTS 


The investigations were designed to determine whether or not red 
shifts represent actus! recession. In principle, the problem can be 
solved; a rapidly receding light source appears fointer than a: simi- 
lar but stationary source at the same momentary distance. The ex- 
planation of this well-known effect is quite simple when the beam 
of light is pictured as # stream of discrete quanta, Rapid recession 
thins out the stream of quanta, henee fewer quanta reach the eye 
per second, and the intensity, or rate of impact, is necessarily re- 
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duced. Quantitutively, the normal brightness is reduced by a frac- 
lion that is merely the velocity of recession divided by the velocity 
af light—in other words, the red shift expressed as a fraction of 
the normal wave lengths of the light in question. Recession at one- 
tenth the velocity of light reduces the apparent brightness by 10 
percent; at one-quarter the velocity of light, by 25 percent. 

For velocities of a few miles. or faw hundred milea per secon, 
the dimming factor is negligible. But for the extremely distant 
nebulae, where the apparent recessions reach tens of thousands of 
miles per second, the effects are large enough to be readily obeerved 
and measured, Hence, if the distances ot nebulae were known quite 
accurately we could measure their apparent faintness and tell at 
once whether or not they are receding at the rates indicated by the 
red shifts. 

Unfortunately, the problem is. not 50 simple. The only general 
criterion of great distance 1s ihe very apparent faintness of the 
nebulae which we wish to teat Therefore, the proposed test im 
volves a vicious circle, and the dimming factor merely leails to mn 
error in distance. However, a possible escape from the vicious circle 
‘s found in the following procedure, Since the intrinsic luminosi- 
ties of nebulae are known, their apparent faintness furnishes two 
veales of distances, depending upon whether we assume the nebolac 
to be siationary or receding. If, then, we analyze our data, if we 
map the observable region, using first one scale and then the other, 
we may find that the wrong ceale leads to contradictions or at least 
to grave difficulties, Such attempts have been made and one scale 
does lead to trouble, Tt is the scule which includes the dimming 
factors of recession, Which assumes that the universe is expanding. 


ALTERNATIVE FORMS OF THE LAW OF RED SHIFTS 


The project was carried out by the precise formulation of (i) the 
law of red shifts, and (b) the large-scale distribution of nebulae. 
Tlie form of the law of red shifts ts most readily derived from the 
study of the bryghtest nebulue in the great clusters. ‘These nebulae, 
as a class, are the most luminous bodies in the universe, and their 
spectra can be recorded out to the maximum distances. Further- 
more, the clusters are so similar that the apparent faintness of the 
5 or 10 brightest members furnish reliable relative distances, The 
observations now extend out to about 240 million light-years where 
the red shift is about 18 percent of the normal wave lengths of the 
incoming light. Since the corresponding velocity of recession is the 
came fraction of the velocity of light, the nebulae in the most distant 
cluster observed, if they are actually receding, will appear 13 percent 
fainter than they would appear if they were stationary: The dif- 


mos is small but, fortunately, the measures can be made with fair 





accurucy, 

The results may be stated simply, If the nebulae are stationary, 
the law of red shifts is sensibly linear: red shifte are a constant 
multiple of distances, In. other words, each unit of light path eon- 
tributes the same amount of red shift. 
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Fore L—The law of red Milfts. ‘The low of fed alilfte at very great distances 
le derived na a relation between apparent nurgnitudes of the fifth brightest 
meivhers of clusters and the mean red shifts observed in the clusters. ‘The 
relution, log @/. = 02 me + countant, shown ow a fall line in the diagram, 
indies tes a linear Inw of red shifts (d\/\=constant * distance). 
In the @lngram, large iliska represent clusters of lileh weight; dots, clusters 

of Jow weight; eros, weighted means. Observed magtiliudes have been 
corrected for of) known efforts Hnciodiog the “energy effects,” 8d), except 
recession factors. This, for a stntionary aulyeres, the law of red shifts is 
femihly Uinewr, 

For an expanding universe, the receselen factors woul bo applied, and the 
law would depart from the linear form, Sch departures, shown by the 
broken curve, imply that the rate of expansion had been slowing down, and 
that the “uge of the universe,” the the «ines the expansion started, |e less 

The dingram Imeludes miter revisions of the observational data ip accord 
ance With recent lnvestignt/ouwn, 





















O RED SHIFT O.1 o2 da/aA 
Vor 2—Large-scale distribution of netnilie. tf §,, is the number of nub 
per square degree brighter than apparent magnitude tm, then the average den- 
sity (nuinber of oebulae divided by volume of espace), in arbitrary unite, 
represented by (log N_--0.6m), Bach polit in the Magram represents @ Farvey 
in which the observed m have been corrected for all Known effects (Including 
the “energy effecta,” 3 dh/d) but omitting the “rpeession factors,” caA/a The 
diigram Indientes that for m atationary universe, the density ts Independent of 
distances (or red shift). 
potnts would fall along the Wroken tine, indicating that the denalty increases 
steadily with distanee In orfler to escape thia conclusion, Lt is nncessary to 
introduce still another effeet such as spatial ceryature which exactly coum 

‘The dots represeut muryeys mae at Mount Wilson and Mount Hallie; the 

first cross, the Shupley-Ames survey to m=15-; the second cross, Hurvard 
counts to m=17.h, extracted from Proe. Nat. Acad. Set, vol. 4, p. 148, 10848, 
and vol. 8, pp 10 and 654, 10, and reduced arrerding to the procedure 
tied in reducing the deeper surveys. 

On the other hand, if the nebulae are receding, and the dimming 
factors are applied, the scale of distances altered, and the law 
of red shifts is no longer linear. The rate of expansion increases more 
and more rapidly with distance, The significance of this result 
becomes clear when the picture is reversed. Light that. reaches us 
today left the distant nebulae far back in the dim past—hundreds ot 
millions of years ago. When wo say that the rate of expansion 
increases with distance, we are saying that long ago, the universe Was 
expanding much faster than it, is today; that, for the last several 
hundred million years at least, the rate of expansion has been slowing: 
down. Therefore, the so-called “age of the universe,” the time inter- 
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val sineo the expansion began, is much shorter than the 1,800 million 
years suggeste] by o linear law of red shifts: If the measures are 
reliable, the interval would be less than 1,000 million years—a fraction 
of the age of the earth and comparable with the history of life on 
the earth, The nuture of the expansion is permissible and, in fact, 
specifies certain types of possible worlds. But the tinie scale is 
probably not acceptable, Either the measures are unreliable or red 
shifts do not represent expansion of the universe. 





THE LARGE-SCALE DISTRIBUTION OF NEBULAR 


Tf the new formulation of the law of red shifts were unsupported 
by other evidence, the implications woulil probably be disregarded. 
But similar discrepancies are met in quite independent studies of 
large-scale distribution, Five sumpling surveys (four at Mount Wil- 
son and one wt Mount Hamilton) made with large reflectors, furnish 
the numbers of nebulae per unit area in the sky, to successive limits 
of apparent faintness, The results furnish the numbers of nebulac 
per unit volume in five spheres whose radii range from about 155 to 
420 million light-years on the stationary distance scale,or about 145 
to 365 million light-years for the expanding distance scale. 

On the usumption that red shifts do not represent actual recession, 
the large-scale distribution is sensibly homogeneous—the average 
timber of nebulae per unit volume of space is moch the same for each 
of the apheres, Further confirmation is found in seme of the recent 
Harvard counts of nebulae which fall within the area of the sky cov- 
ered by the deep surveys, and which are based on the same ecale of 
apparent faintness. Sufficient (lata can be extracted from the reports 
to determine a mean density over laree areas extending out to perhaps 
100 million light-years, and the result is in substantial agreement 
with those of the earlier investigations. All of these dita lead to the 
very striple conception of a sensibly: infinite, homogeneous universe of 
hich the observable region is an insignifiennt sample. 

The inclusion of dimming corrections for recession, because they 
alter the scale of distance in'a nonlinear way, necessarily destroys tho 
homogeneity. The number of nebulae per unit volume now appears 
to increase systematically with distance im all directions. The result 
violates the cosmological pritciple of no favored position and, con 
sequently, is referred to some neglected factor in the calculatinns. Tf 
the density appeared to diminish outward, we would at once suspect 
the presence of internebular obsouration, or, perhaps, the existence of 
a supersystem of nebulae. But an apparently increasing density offers 
@ Touch more serious problem. About the only known, permissible 
interpretation is found in positive spatial curvature, which, bya sort 
af optical foreshortening. would crowd the bhenived nebulae inte 
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apparently smaller and suialler volumes of space us the distance 
ine 

Spatial curvature is an expectid feature of an expanding univers, 
und, together with the precise form of the law of red shifts, farther 
specifies a particular typo of possible world. ‘Thus, if the measures 
were reliable, we might conclade that the initia] cosmological) problem 
had bean sslved: that now we knew the nature of the universe we 
‘nhinbit. But the situation isnot so simple. Just as the departures 
from linearity in the law of red shifts indicate a universe that 15 
strangely young, so the apparent departures from homogeneity indi- 
cate a universe that i¢ strangely small and dense. 

The sign of the curvature required to restore homogeneity is posi- 
tive, hence the universe is “closed”; it has 1 finite volume although, 
of course, (here are no boundaries. The amount of curvature indicates: 
the volume of the universe: about four times the volume of the observ- 
able region. Such a universe would contain perhaps 400 million 
nebulae. The total mass, however, would be far greater than that 
which can be attributed to the nebulae alone. 


CONCLUSION 


Thus the use of dimming corrections leads to a particular kind of 
universe, but one which moet students are likely to reject as highly 
improbable. Furthermore, the strange features of this universe are 
merely the dimming corrections expressed in different, terms. Omit 
the dimming factors, and the oddities vanish, We are left: with tho 
simple, even familinr, concept of a sensibly infinite umiverse. All the 
difficulties are transferred to the interpretation of ted shifts which 
cannot. then be the familiar velocity shifts. 

Two further points muy be mentioned, In the first place, the 
reference of red shifts to son hitherto unknown principle does not 
in any way destroy the validity of the theory of expanding universes. 
It merely removes the theory from immédinte contact with observn- 
tions. We may still suppose that the universe ts either expanding or 
contracting, but at a rate go-slow that it cannot now be disentangled 
from the gross effects of the superposed red shifts, — 

Secondly, the cotelusions drawn from the empirical investigations 
involve the assumptions that the measures are reliable and the data 
are representative, ‘These questions have been carefully reexamined 
during the pust few years. Various minor revisions have been made, 
bot tho end results remain substantinlly unclianged. By the usual 
criteria of probable errors, the data seem to be sufficiently consistent 
for their purpose. Nevertheless, the operations are delicate, and the 
moet significant data are found near the limits of the greatest tele- 
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scopes. Under such conditions, it is always possible that the re- 
sults may be affected by hidden systematic errors. Although no 
suggestion of such errors has been found, the possibility will persist 
until the investigations can be repeated with improved techniques and 
more powerful telescopes, Ultimately, the problem should be settled 
beyond question by the 200-inch reflector destined for Palomar. ‘The 
range of that telescope, and the corresponding ranges of the dimming 
corrections, should be about twice those examined in the present in- 
vestigations. Fuctors of 25 percent in the apparent brightness of 
nebulae at the limits of the spectrograph, and 40 to 50 percent: at-the 
limits of direct photography should be unmistukable if they really 
exist. 

Meanwhile, on the basis of the evidence now available, apparent 
discrepancies between theory and observation must be recognized. 
A choice is presented, as once before in the days of Copernicus, be- 
tween & strangely emnll, finite universe and a eensibly infinite. uni- 
verse plus a new prisciple of nature. 
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[With = plates] 


Like the galaxies themselves, the field of inquiry concerning 
galaxies is large and not ensily surveyed in a brief article. It will 
be well to restrict the assignment and write only concerning a few 

Let us first try a bird’soye view of our own galaxy. ‘The bird 
whose eye we would ase needs to be a remarkable creature to reach 
the remoteness necessary for an outside look. We cannot tse 
Cygnus the Swan, that heads in full flight along the northern Milky 
Way, nor Aquila the Eagle, nor the big-billed Toucan, the Flaminge, 
the Phoenix, the Goose, the Bird of Paradise, nor Corvus the Crow, 
All these constellation birds are composed of stars that. are bright 
neighbors of the sun and distinctly localized far inside our own 

What we need is an observation: point something like a million 
light-years distant, well outside the bounds of the enormous Milky 
Way system. It would be pretty satisfactory to settle our bird com- 
forinbly in the outer haze of stars of the Andromeda nebula, Tf the 
observer be a contemporary of ours, he will be looking at our system 
im terms of 8,000 centuries ago. It lias been that long since the radia- 
tion left the sun and its neighboring stars on its way to the retina 
of the all-comprehending but quite imaginary bird now surveying 
us from the Andromeda galaxy. 

Such a temporal disparity, 8X10" years, is of no particular 
moment in our considerations of the galaxies; and short-term enter- 
prises like the current western civilization, or even the whole history 
of mankind, can be neglected in the cosmic panorama as too mame: 
tary, too fleeting, for a clear recording. 

It is well known that the Milky Way ster system is a much 
flattened organization and that the sun and planets are well inaide, 
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This interpretation of the Milky Way was pointed out 1) years ago 
by Thomas Wright, a pioneer “bird's-eye viewer” of Durham, 
England. He saw that the hypothesla of « flattened stellar system 
with the earth neur the central plane would sutisfactorily explain 
the Milky Way band as a phenomenon of projection in such a 
eystem? Our hypothetical observer in Andromeda would ss this 
flitrened wheel-shaped system not from the direction of its rim, nor 
from the direction of its axis, but from an intermediate position, 
gulactic Intitude —21". It woulil appear in projection, therefore, ws 
an elongated object, perhaps with the axes of the rough ellipse in 
the ratio of about three to one. ‘There would be a conspicuous 
globular nucleus of naked-eye brightness. 

We are almost certam now that our galaxy is a great openwork 
spiral system of stars, perhaps not much unlike the system Messier 83, 
shown in plate 1. But in linear measure it may be much larger than 
Messier 88, Tt has taken o long time to get conclusive evidence on the 
structure of our own system, We are badly located, Thore are ob. 
vious difficulties with residing inside. The meadow violet, no matter 
how bold and sensitive, is ata diesdvantage in meadow topography 
compared with the bird hovering above. 

For more than a hondred years astronomers have struggled with 
the problems of the structure of the galaxy, There have been many 
gpecilators, but also some hard and systematic observers. Sir William 
Herschel dominated this field throughout the early part of the nine- 
teenth century, His surveys of star clusters and nebulae, his:measures 
of brightness and positions of various celestial objects, his interpreta- 
tions of the accumulating material were so important that he is 
appropriately considered the founder of sideren] astronomy, Before 
him the emphasis was on comets anc. planets and the positions and 
motions of nearby stars and the laws governing these marie Tt wns 
essentially solar-system astronomy that attracted the telescopes and 
the wisdom of scientists until this German- Anglican serene bof Buti 
devised some instruments; then astronomy turned outward to inter- 

stellar spaces. 

Sir William Herschel was considerably baffled by the problem of 
the structure of the galaxy and by the relation of clusters and nebulae 
to the Milky Way. His successors made many notable contributions, 
photametric and spectroscopic, to knowledge of the nature of stars 
and nebulae, but still the large cosmic problems remained baffling. 
Increasing telescopic strength, however, and the accumulation of many 
kinds and types of observations, eventaully led to lees puzzlement about 








‘Por an arcownt of the early come interpretations by Thames Wright and Tmmantuel 
Kant, we the highly interesting report by F. A. Paneth, The Observatory, pp. TIP, June 
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the stellar neighbors of the sun and the nearer parts of the Milky Way. 
The old but unproved concept that the zpiral nebulae and their rela- 
tives were external galaxies. coordinate with our own Milkey Way: 
system, gradually became established. The dimensions of the galaxy 
and of the universe approached clarification, chiefly through the power 
of the telescopes of American observatories and the vision of Buropean 
and American theoreticians. 

In clarifying some of the earlier puzzles, however, the astronomers 
only succeeded in opening vuster vistas for exploration, interpretation, 
anc wonderment. The net gain has been considerable. It is no longer 
balieved that the severe difficulties of certain astronomical enterprises 
have definitely blocked the progress of inquiry. A hundred years age 
a distinguiched scientiet (not an astronomer) gloated a bit over the 
pronouncement that one thing would cetiainly forever remain ut- 
known, namely, the chemical nature of the stars! Tt was not many 
years before the spectroscope began to betray him, And at the time 
of her death in 1941 Dr. Annie Cannon had elasiified more than half 
“ million tare on the basis of the chemistry of their surfaces, A 
great deal is now known of the chemical constitution of a galaxy of 
# billion stars at 4 distance of 10 million light-years. An elementary 
astronomical student can quickly learn, with the use of modern equip- 
ment, about the hydrogen, calcium, iron, magnesium, helium, carbon, 
and the like in stars that have never actually been seen except through 
use of the photographic plate. 

The moral of thut bad ancient pronouncement about stellar chem- 
istry is that it is not wise to be discouraged with the difficulties arising 
front otir awkward location in the galaxy. Eventyally all the answers 
to-all the questions you could now ask about Milky Way structure may 
be known. And_of course, we would then be wise enough to ask other 
questions that you could not answer, nor could we. Here are some of 
the current questions, and, for some of them, preliminary answers. 

1. Are the sun and its planets in the middle of our diseoidal galaxy! 
They certainly are not, There are many lines of evidence which indt- 
cate that the center is far away in the direction of the region where the 
constellations of Sagittarius, Ophiuchns, and Scorpio come together, 
20 degrees or a little more south of the celestial equator in the thick of 
the bright star clouds along the Milky Way. My early study of the 
globular star clusters (a reproduction of an important one, 47 Tucanae, 
is shown in pl. 2) was instrumental in showing the observer that hy 
i well out toward the rim of the wheel-shaped galaxy. There may be 
somt “subeenters” in other parts of the Milley Way, in far south Carina. 
for instance, and in Cygnus. But those conglomerations of stars ap- 
pear to be inyportant local structures within the grent galaxy that has 
jts massive nucleons in the Sagittarius direction. 
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2. Is this galaxy in motion asa unit? How it moves with respect to 
nearby gulaxies is not yet very clear, but certainly it rotates around 
the Savittarius nucleus. It does not rotate as a solid wheel, at least 
at our distance from the nucleus. It rotates more as the planetary sys- 
tem rotates; the planets nearer the sun go more rapidly and complete 
their “years” in shorter times than the remoter planets, We think we 
can very definitely measure the differential speed of stars around the 
nucleus, ‘The average speed in the sun's neighborhood is about 200 
miles a second, and the direction of motion is toward the northern con- 
stellation of Cygnus. 

3, How far are the sun and the neighboring stars from the axis of 
rotation? Ten kiloparseca is the approximate answer and, since a 
paraee is 3.26 light-years or about 20 trillion miles, the distance is 

thing like 2x10" miles, or 30-odd thousand light-years, For 
various Sani that value of 10 kiloparsess is not too certain, but it is 
well established that the center of gravity of our system is between 
8 and 12 kiloparsecs distant. The direction to the center is fixed with 
un uncertainty of only 2 or 3 degrees; this angular parameter is much 
easier to handle than the distance. 

4. How large is the Milky Way system and how populous? Enorm- 
ous in size and population, if nonquantitative terms may be used. 
There is good evidence that the total population in stars is of the order 
of 200,000 million, but the evidence on over-all dimensions is as yet 
inconclusive. Indeed it is somewhat involved with definitions. For 
instance, how define the boundary of « galaxy? Is it at the distance 
of the farthermost discoverable member of the system? Or is it the 
distance to the place where the number of stars per cubic light-year haa 
decreased to a specified small quantity! Or is it, for » spiral galuxy, 
the'distance to which « spiral arm can be traced? Or is it the distunce 
to which an escaping star can go before the gravitational holdback is 
exceeded by the pull from some other galaxy! 

The diameter of the system in its plane is not less than 100,000 
light-years if all its recognizuble stars are included. There is now 
good evidence that the wheel-shaped system is surrounded by a more 
‘or Jess spherical haze of stars, and some of the stars in the haze ure 
50,000 light-yenrs above the plane of the Milky Way, Probably this 
haze extends more distantly in the plane of the system and, therefore, 
the diameter of discoid plus haze considerably exceeds 100,000 light- 








On the other hand, the diameter of our system in its plane might he 
measured as only 50,000 light-years, or even less, if we had to depend 
on photographic research equipment which, although comparahle 
with our own, was located in the Virgo supergalaxy, several million 
light-years away, Our outer stars might not register. When our tele- 
scopes are turned on the members of that group in Virgo we can trace 
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on the best of our long-expoaure plates the largest individual galaxies 
only to a distance of 10 or 15 thousand light-years from their centers. 
Eithor those: systems are very tmtich smaller than ours, or we are unable 
to explore the faint regions that are as remote from the nuclei as we 
It might turn out, therefore, that the bird's-eye observer from the 
Andromeda nella would report that our galactic system is no larger 
than the Andromeda nebula; or, if the research were rather casual, the 
view might include only the nuclear portions of our galactic system, 
which might even be cataloged as'a spheroidal galaxy. When we, in 
our turn, take a quick bird's-eye view of the Andromeda galaxy, and 
measure its distance and dimensions, we immediately conclude that it 
is much smaller than we are, even though it isa giant compared with 
the average galnxy of our catalogs, But when the over-all extent of 
ithe Andromeda galaxy is studied with precise measuring apparatus, 
wa double the dimensions us first seen and conclude that it isnot very 
much smaller than the Milky Way system. | 
5. Why is it that we seem to be so bafiled about the structure and 
dimensions of our own system, although we bravely go out to dis- 
tunces of 100 million light-years in our explorations of other galaxies! 
What is so troublesome about measuring something that completely 
surrounds us and is near ot hand?! | 

That question finally brings out one feature of Milky Way structure 
which nat be clearly seen at first glance by the observer in Andro- 
meda, but which has taken ‘ua many years and moch lubor to discover 
and partially evaluate, This basic feature (and diffieulty) is the pres- 
ence throughout the Milky Way, especially near the Milky Way plane, 
of interstellar absorbing material—dust and gus, scattered and in 
clonds, around the stars and in the spaces between them. Our vision 
is not clear: simple geometric relations between light and distance are 
incorrect hecanse our observing station is in s fog that unevenly dims 
the light of the surrounding starz. 

‘Gradually we are learning through studies of colors, and otherwise, 
how to make corrections for the interstellar absorption, Tt would not 
be difficult at all if the absorbing material were uniform. But the 
clouds of absorption are irregular. It is supposed that some of the 
greatest irregularities would be apparent to the Andromedan observer, 
At any rate, our own bird’s-cye views of hundreds of external galaxies 
show immediately the dark lanes between spiral arms, or acrosy them, 
which indicate the interstellar absorption clouds that irregularly dim 
the star fields of those distant stellar systems. 

In summary, our imaginary bird's-eye view has revealed our system 
as discoidal in its main body of stars, probably surrounded by a thinly 
populated spheroidal shell and dominated by a massive globular nu- 
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cleus, which is some 30,44) light-years from the sun in an-accurately 
measurable direction. Less certainly the view discloses that the Milky 
Way system is a spiral, perhaps more open in structure than the An- 
dromeda gulaxy; it is rotating at high speed, but, even so, 2 million 
centuries or possibly more will be required for the sun and its neigh- 
bors to complete one circuit, to click off one commie year. Uncertainty 
remuing as to over-all dimensions of the disonidal galaxy and of its 
stellar haze, and this uncertainty arises in part from the existence of 
light-absorbing, mostly nonluminons, interstellar material and from 
its irregular distribution and its dissimilar effectiveness on light at 
various wave lengths, 

If, for a more distant view of this part of the universe we go off into 
space several million light-years in « special direction, the Andromeda 
tebula and our galactic system would look like a pair of galaxies; sepa- 
rated by only a few diameters. And in the aame field, apparently also 
a part. of our local group of gulaxies, would be the great spiral, Mes- 
sier $4. A closer inspection from this distant point; and a careful 
measurement of distances, would show several fainter galaxies gs800!- 
ated with these three larye systems. Two of them would be the faint 
companions of the Andromeda nebiula—Mossior 32 and NGC 205; two 
of them would be our own satellite-companions, the Large and Small 
Clouds of Magellan, And there would be at least four other dwarf 
galaxies, two of them irregular in form, and two or more spheroidal. 

The existence of this local cloud of galaxies, in which our system 
appears to be the big dominating member, seems to be now beyond 
question, but the census of its membership j is not complete. All the 
known members are within a sphere of a million light-years diameter. 
Thoes unknown, or of uncertain membership, include systems wholly 
or partly concealed by the clouds of absorption near the Milky Way 
plane. The rating of the great globular clusters is also not yet clear. 
A hundred globular clusters surround our galaxy, apparently subordi- 
nate members of the system, but the larger ones, like Omega Centauri 
and 47 Tucanae, should pertiups be ranked with the dwarf galaxies. 
In total luminosity and in mass they are comparable to NGC 206, the 
faint spheroidal galaxy in the Andromeda group. Our hypothetical 
Andromedan observer would probalily record at least these two giant 
clusters as dwarf gulaxies, if our own procedure with regard to elassi- 
fying NGC 206 were followed, 

Groups like the local “supergalaxy” occur elsewhere in metagalactic 
space. A dozen rich clusters are known, some of them with hundreds 
of members, and a score or two of small groups, similar to our own, 
are niready an record. One such is a group of objects in Fornax, in 
which the brightest are spheroidal; in our group the brightest galaxies 
ire spiral or irregular in form. 
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Probably there are dwarf galaxies in the Fornax group, but os yet, 
we have not: identified them, nor have we found the Magellanic type. 
Becanse of the general tendency of the universe to expand and the 
galaxies and groups of galaxies to receds from one another, it may be. 
that eventually we shall be able to say which faint objects in Fornax. 
are members of the supersystem cimply by determining their velocities 
in the line of sight. Lf the suspected galwxy is really much more dis- 
tant than the average of the Fornax group, it will show & bigger “red 
chift” in the spectram, a greater velocity of recession, und thus indicate 
the larger distance and the nonmembership. 

On every expedition into remote corners of extragalactic space, it 
ia necessary to equip ourselves with information on giant and super- 
ginnt stars. ‘The reason is, obviously, that ordinary stars in far-off 
places ure not recorded on our photographs; they are too dim. We 
must work with the giants. It-may be of interest to consider the fol- 
lowing highly Juminous stars and types of stars and sce how they 
contribute to knowledye of the metagulaxy: 

1, Supernovae 
2. S Doradus 
3. Novae 

4, P-Cypni stars and others 

1. Supernovae—*The most energetic catastrophe in the history of 
the world. unless it be creation itself,” is how I would describe the 
creat violence of radiation and motion that accompanies the career of 
the supernova, Simply defined, a supernova results when a star blows 
up. Whether the disaster is caused or encouraged hy head-on collision 
with another star or another something, or by the collapse of the star's 
structure, with the consequent atomic transformation of mass into 
radiation, or “just happens,” we cannot yet say. More observationsl 
data are needed and are being obtained. The result of a supernovn 
outburst is the outpouring of light in unparalleled fashion—a spurt 
of radiation the equivalent at times of 50 :million suns and more. ‘The: 
burst of radiation lasts sometimes several days or weeks, quieting down 
slowly as the months go by. What remains after the flare-up! Per- 
haps a dense subdwarf star (the collapsed core of the original star); 
perhaps a hurriedly expanding nebula; perliaps just dust and ashes, and 
the universe Alling wp with the dymg glow of a radiqnt motnent, 

Dr. Fritz Zwicky of the California Institute of Tochnology has 
been the leader in recent years in the discovery of supernovae and in 
speculations concerning them. He thinks that neutrons and neutrinos 
play an important part in the supernova phenomenon, Certainly sn- 
pernovae play a significant part in the history of the universe. They 
are not too uncommon. About 40 are on record, most of them ilis- 
covered in the past 10 years. Three of them appeared long ago in our 
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own galactic system. One hypothesis of the origin of the cosmic rays 
ties them wp with the violence of the supernova. 

The most distant individual stars yet photographed are come of the 
supernovae. that are in galaxies tens of millions of light-years distant. 
When mors complete records are obtained we shall be able-to see if, 
at maximum brightness, they are sufficiently alike so that their apper- 
ent magnitudes at maximum can be used as practical criterion of 
distance. At present there seems to be too large a dispersion in the 
intrinsic luminosities to make supernovae useful criteria in distance 
Insasurement in the metagalaxy. 

Long before supernovae were recognized, and long before there was 
the faintest notion of their enormous size as celestial phenomenn, they 
played a very important part in astronomical development and in 
knowledge of the universe. For it happens that new stars suddenly 
uppeuring in 1672 and 1604 were important in the inspiration of two 
of the grest astronomers of that time and of all time—Tycho Brahe, 
the Dane, and Johannes Kepler. Now we know that these stellar out- 
horsts in Cassiopeia (Tycho’s star) and in Ophiuchus (Kepler's stella 
nova) were most probably supernovae, Both stars rose to « brightness 
comparable with that of the brightest planet; both stars changed ex- 
plosively 15 magnitudes or more, an increase. of brightness of more 
than a million times. 

A third supernova of our galactic system was recorded by the Japa- 
nese and Chinese astronomers in 1054. The phenomenon was the 
parent of the present well-known Crab nebula which is still rapidly 
expanding as a result of the eleventh-century disaster—eleventh cen- 
ey in our records, but 5,000 years earlier on the cosmic clock. 

2. The supergiant S Doradus—The distinction of holding top place 
as a luminous star has been the lot of an object at the edge of one 
of the open clusters in the Large Magellanic Cloud. It is a variable 
star with average Inminosity half a million times that of the sun. 
It is somewhat exceeded in radiation output by supernovae, but they 
do not lest, whereas S Doradus has been continuously radiating for 
the past half century, pouring out more than 100 trillion tons of light 
per minute, It must have enormous resources to persist ut such high 
luminosity. Ts it perhaps some very slow type of supernoval The 
Yurintions we now observe are irregular in character, but of no great 
moment in alleviating the expenditure of radiant energy. The spec- 
trum of the star is of the rare P-Oygni type, which is indicative of 
unustially hot surface conditions, The Harvard photographic records 
of this star do not extend much before 1800, but of course there is 
little renson to suspect that 3 Dornadus has been the supreme super- 
gimnt for only the past brief $0 years, Recent photographs with the 
large southern reflector have chown that stars nearly as bright as 
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S Doradus are clustered around ‘iit, but unfortunately all of them 
are difficult to stady because, notwithstanding therr great intrinsic 





luminosities, the intervening distance of 75,000 light-years dims the 
light so that even large telescopes can with difficulty make detailed 
analyses, None of the stars in the solar neighborhood is one-tenth 
as bright as S Doradus 

3, Ordinary novae—Sevoral times o year, if we pay close attention, 
we find new stars in our own galactic system, especially in the direc- 
tion toward the galactic center in Sagittarius. But daylight, clouds, 
moonlight, and astronomical inactivity contribute to our failure to 
record more than a few percent of those that we know, from campling, 
must be occurring. ‘These new stars, or ordinary novae, behave much 
like the supernovae described above. But the nova phenomenon ts 
much less violent, anda star is not sacrificed by each outhurat. Tb is 
likely that the ordinary nova represents the explosive instability of 
the outer surfaces of a star. There is some indication that before 
explosion the ordinary novee are slightly snbnormal stars of ordinary 
type. Perhaps this subnormality is at the bottom of the trigger action 
that sets them off. 

But whatever the cause of the novae, it must be recorded a3 an 
interesting phenomenon, and one that probably is important im the 
general history of stars. In our own galaxy, and in the nergh Orin 
Andromeda galuxy, these novae appear so frequently that when one 
thinks back over the past billion years that the earth’s crust his 
existed, one conchides that very many stars have blown up—a large 
proportion of them. Frequently we have remarked that novation 14 
so common and time lias been so long that every star might have 
blown up once, or will explode during the next billion years—in other 
words, that evoltition, ar development, by way of the nova outburst - 
is a major and not a negligible phenomenon in this world. 

Evidence is accruing, however, that novation is a recurrent phenom- 
enon. Four or five stars have been novae more than once, and two of 
them thres times since 1960. If this be the truc situntion—that is, 
only stars of peculiar character become novae—we may remain ever 
more at ease with respect’ to the immediate future of our sun. Its 
character is good and normal. We like to believe that the sun is 
and always will be only slightly variable (in the sunspot period), and 
will remain quite dependable, undisturbed by interstellar clouds, 
unsusteptible to nova-inciting disturbance—at least for the mext 
thousand years while the astronomers are finding out about the uni- 
verse, A nova-like change in the sun would promptly wipe biology 
aff the earth, if it did not erase the planet altogether. 

At maximum the ordinary novae are supergiant stars, more than 
10,000 times the luminosity of the sun, but scarcely 1 percent as radiant 
ns the average supernova. When novne appear in external galaxies 
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they can be used as distance indicators because at maximum brightness 
the ordinary nova comes to about the same candlopower every time. 
Comparing the apparent brightness with the real brightness, the dis- 
tance in light-years can readily be computed. Next to the Cepheid 
varinbles, novae ate the best criteria for measuring distances of gul- 
axies, providing there are enough found in any given eystem to stabil- 

4. Soma other supergiants—Two or three magnitudes fainter than 
the notable S Doradns in the Large Magellanic Cloud are «© number 
of others of the same peculiar'spectrum, which are termed the P-Cygni 
type. ‘There is evidence, not quite conclusive, that these stars are re- 
lated to the novus, differing most conspicuously, of course, in the 
property of remaining at high luminosities and not fading away after 
the impulsive outburst, But in addition to these bluish hot stars we 
find in the Magellanic Clonds supergiant red stars, almost as bright. 
Some of them are variable, and some nre, indeed, long-period Cepheid 
variables, 10,000 times as bright as the sun. Many resemble the 
famous red giants of our neighborhood, Antares and Betelgense, A 
few greatly exceed the local red supergiants in volume as well as in 
radiation output. Diameters of the order of the radius of Jupiter's 
orbit, volumes 10 million times that of the sun, are indicated, These 
preposterous dimensions are derived by knowing the distance of the 
Magellanic Cloud, the total candlepowers of these supergiant stars, 
and the spectra which indicate low efficiency as radiators. In order 
to give out so much radiation, the emitting surfaces must be exceed- 
ingly lnrge. The star § Doradus, on the other hand, which is a more 
eficient: radiator, is much smaller and denser than the ‘Antares-lile 

“Sst pergiants, 

Adjacent to the Small Magellanic Cloud is the great globular clus- 
fer, 47 Tucanse, already mentioned asian intermediate between normal 
valaxies and normal star clusters. Its three brightest stars appear to 
be typical long-period variable stars, but they are not typical in one 
respect. Their luminosities at maximum are three or four magnitudes 
brighter thin most long-period variable stars, which are typified by 
Mire (The Wonderfnl) Ceti, the first of known variables, It is peur 
linr, too, that the three eupergiant variables in the cluster rise to 
alniost exactly the same magnitude at maximum, and all huve periods 
of about 200 days. This is one of the coincidences that the luws of 
chance do not easily condone: there must be some deep significance for 
stars or star clusters in the unusual performance of these supergiants. 

Both blue and red supergiants appear sporadically in our own gu- 
lactic system; probably the occasionally detectable highly luminous 
stars mexternal galaxies aleo belong to-various spectral classes, Dr, 
Hubble has effectively used the luminosities of these invariable stars, 
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long with the available information on Cepheid variables and ordi- 
nary novae, to get the distances of galaxies that are not more than a 
few million light-years away. If a galaxy is as much os 20 million 
light-years distant, even these cupergiants cannot be individually 
photographed with present telescopic aud photographic equipment, 
and resort must be made to other photometric means of estimating dis- 
tances, Ordinary giant ¢tars, like Vega and Arcturus, are not yet 
photographed in any but the very nearest waluxies, and stars of aver- 
age mass and luminosity, like the sun, have so far not heen photo- 
eraphed outside our own galactic system. | 
The future of research on galaxies probably depends not so much 
oni the size of telescopes us on the speed and resolution of photographic 
plates and on other radiation-registering devices, But even without 
better facilities than those at present available, astronomers have 
plenty to do in galactic research, for within reach are 1,000 million in- 
dividual stars in our own galaxy, and at least 10: million other galaxies. 
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1s LIFE ON THE OTHER WORLDS?: 





By Ste Jaues Jeane, 0. M, D. Sc, LED, FR S, MEL 
Profeator of Artronony — 
Royal Inatilation of firoat Rritain 


So lang as the earth was believed to be the center of the universe 
the question of life on other worlds could hardly arise; there were no 
other worlds in the astronomical sense, although a heaven above anc 
a hell beneath might form adjuncts to this world, ‘The cosmology of 
the “Divina Commedia” is typical of its period. In 1440 we fini! 
Nicholas of Cusa comparing our earth, as Pythagoras had done before 
him, to the other stars, although without expressing any opinion as 
to whother these other stars were inhabited or not, At the end of the 
next century Giordano Bruno wrote that “there are endless particular 
worlds similar to this of the earth.” He plainly aupposed these other 
worlds—“the moon, planeta and other stars, which are infinite in 
number"—to be inhabited, since he regarded their creation as evidence 
of the Divine goodness, He was burned at the stake in 1600; had 
he lived only 10 years longer, his convictions would have been 
strengthened by Galileo's discovery of mountains and supposed sens 
on the moon, 

The arguments of Kepler and Newton led to » general recognition 
that the stars were not other worlds like our earth but other suns 
like our sun. When once this was accepted it became natural to 
imugine that they also were surrounded by planets and to picture each 
sun a8 showering: life-sustaining light and heat on inhabitants mote or 
leas like ourselves. In 1829 a New York newspaper scored a great 
journalistic hit by giving a vivid, but wholly fictitious, account of 
the activities of the inhabitants of the moon as seen through the 
telescope recently erected by His Mnjesty’s Government at the Cape. 

Tt will be a long time before we could see what the New York paper 
claimed to see on the moon—batlike men flying through the air and 
inhabiting houses in trees—even if it were thore to see. To See an. 
object of human size on the moon in detail we should need a tele- 
acope of from 10,000 to a 100,000 inches aperture, and even then we 
should have to wait years, or more probably centuries, before the nir 
was still and clear enough for us to see details of human size. 

\ Afternoon lecture, Thurmiay, November 20, 1641, Reprinted by peretonion frum the 
Prereedings of the Hoyal Inetitutios of Great Britain, 1041. 
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To detect general evidence of life on even the nearest of the planets 
would demand far larger telescopes than anything at present in ex- 
istence, unless this evidenee occupied an appreciable fraction of the 
nlanet’s surface, Tho French astronomer Flammarion once sug- 
gested that if chains of light were placed on the Sahara on a anfficiently 
generous scale, they might be visible to Martian astronomers Hf any 
such there be. If this light were placed so a9 to form a mathematical 
pattern, intelligent Martians might conjecture that there was intel- 
ligent life on earth. Flammarion thought that the lights miglit sait- 
ably be arranged to illnstrate the theorem of Pythagoras: (Euclid, I. 
47). Possibly a better scheme would be a group of searclilights which 
could emit successive fushes to represent a series of numbers Ef, for 
instance, the numbers 3, 5, 7, 21, 18, 17, 10,23 ... (the sequence 
of primes) were transmitted, thie Martians might surely infer the 
existence of intelligent Tellurians. But any visual communication 
between planets would need a combination of high telescopic power 
at one end and of engmeering works on a colossal, although not im- 
possibile, seale at the other, 

Some astronomers—mainly in the past—have thought that the se- 
called canals on Mars provide evidence of just this kind, although of 
course tnintentionally on the part of the Martians, Two white 
patches which surround the two poles of Mars are oliserved to increase 
and decrease with the sensons, like our terrestrial polar ice. Over the 
surface of Mors some astronomers hive claimed to see a geometrical 
nebwork of straight lines, which they have interpreted as a system of 
irrigution canals, designed to bring melted ice from these polar caps 
to parelied equatorial regions. Percival Lowell calculated that this 
could be done by a pumping system of 4,000 times the power of 
Nisenra. It is fairly certain now that the polar caps are not of ice, 
hut oven if they were, the radiation of the summer sun on Mars is 
so feeble that it could not melt more than a very thin layer of ice before 
the winter cold came to freeze it solid again. Actually the caps are 
observed to change very rapidly and are most probably clouds consist- 
ing of some lind of solid particles, 

The alleged tonals cannot be seen ot all in the Jargest telescopes nor 
ean they he photographed, but there are technical reasons why neither 
of these considerations is conclusive against the existence of the canals. 
A variety of evidence suggests, however, that the canals are mere 
subjective illasions—the result of overstraining the eyes in. trying to 
see every detuil of a never very brightly illuminated surface. Experi- 
ments with school children have chown that under sueli circumstances 
the strained eye tends to connect patches of color by straight lines. 
This will at least explain why various astronomers have claimed to 
see straight lines not only on Mars, where it is just conceivable that 
there might be canals, but also on Mecury and the largest satellite 
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of Jupiter, whero it seems beyond the bounds of possibility thut canals 
could linve been constructed, as well as on Venus, on which real canals 
could not possibly be scen since its solid surface is entirely hidden 
under clouds. It may be significant that E. E. Barnard, perhaps the 
most skilled observer that astronomy has ever known, was never 
able to see the canals at all, although he studied Mars for years through 
the largest telescopes. 

A more promising line of approach to our problem is to examine 
which, if any, of the planets is physically suitable for life. But we 
are at once confronted with the difficulty that we do not know what 
precise conditions are necessary for life. A human being transferred 
to the surface of any one of the planeta or of their satellites, would 
die at once, and this for several different reasons on cach. On Jupiter 
he would be simultaneously frozen, asphyxiated, and poisoned, ns 
well as doubly pressed to death by his own weiglt and by an atmos- 
pheric pressure of about a million terrestrial atmospheres. On Mor- 
cury he would be burned to death by the sun’s heat, killed by ite ultra- 
viulet radiation, asphyxiated from want of oxygen, and desiccated 
from want of water. But this does not touch the question of whether 
other planets may not have developed species of life suited to their 
own pliysical conditions, When we think of the vast variety of eon- 
ditions under which terrestrial life exists on earth—plankton, soil 
bacteria, stone bacteria, and the great variety of bacteria which are 
parasitic on the higher forms of life—it would seem rash to suggest 
that there ware any physical conditions whatever to which life cannot 
adapt itself. Yet as the physienl states of other vlanets are so dif 
ferent from that of our own, it seems safe to say that any life there 
may be on any of them must be very different from the life on earth. 

The visible surface of Jupiter has a temperature of about —198° C., 
which represents about 248 degrees of frost on the Fahrenheit scale. 
The planet probably comprises an inner core of rock, with a surreund- 
ing layer of ice some 16,000 miles in thickness, and an atmosphere 
which again is several thousands of miles thick and exerts the pressure 
of a million terrestrial atmospheres which we have already mentioned. 
The only known constituents of this atmosphere are the poisonous 
gases methane and ammonia. It is certainly hard to imagine such 
a planet providing a home for life of any kind whatever. The planets 
Saturn, Uranus, Neptune, and Pluto, being farther from the sun, 
are almost certainly even colder than Jupiter and in al) probability 
suffer from at least equal disabilities as abodes of life. 

Turning simward from these dismal planets, we come first to Mars, 
where we find conditions much more like those of our own planet. 
The average temperature is about —40° C., which is also —40° on the 
Fahrenheit scale, but the temperature rises above the freezing 
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on summer afternoons in the equatorial regions. The atmosphere 
contains at most only small amounts of oxygen and carbon dioxide, 
perhaps none at all, so that there can be no vegetation comparable 
with that of the earth. ‘The surface, in so far as it can be tested by 
a study of its powers of reflection and polarization, appears to con- 
sist of lava and volcanic ash. To us it may not seem a promising 
or comfortable home for life, but life of some kind or other may be 
there nevertheless. 

Being at the same average distance from the snn as the earth, the 
moon lis about the same average temperature, but the variations 
around this averape temperature are enormous, the equatorial tem- 
perature varying roughly from 120° C. to —80° C. The telescope 
shows high ranges of mountains, apparently volcanic, interspersed 
with flat plains of volcanic ash. The moon has no atmosphere and 
consequently no water; it shows no signs of life or change of any 
kind, unless perhaps for rare falls of rock such aa might result from 
the impact of meteors falling in from outer space. A small town 
on the moon, perliaps even # large building, ought to be visible in 
our largest telescopes, but, needless to say, we see nothing of the 
kind. 


Venus, the planet text to the earth, presents an interesting prob- 
lem. Tt is similar to the earth in size but being nearer the sun ts 
somewhat warmer, As it is blanketed in cloud we can only guess as 
to the nature of its surface. But its atmosphere can be studied and 
is found to contain little or no oxygen, so that the planet's surface 
can hardly be covered with vegetation as the surface of the earth is. 
Indeed, its sarface is probably so hot that water would boil awny. 
Yet no trace of water vapor is found in the atmosphere, so that the 
planet may well be devoid of water. There are rousons for thinking 
that its shroud of clouds may consist of solid particles, possibly 
hydrates of formaldehyde, Clearly any life that this planet may 
harbor mist be very different from that of the earth. 

Tho only planet that remains is Mertury, This always turns the 
sume face to the sun and its temperature ranges from about 420° C. 
wt the center of this face to unimaginable depths of cold in the eternal 
night of the face which never sees the sun. The planet is too feeble 
gravitationally to retain much of sn atmosphere and its surface, in 
«0 far as this can be tested, appears to consist mamly of volcanic ash 
like the moon and Mars. Once again we have a planet which does 
not appear promising as an abode of life and any life that there may 
be must be very different from our own. 

Thus our survey of the solar system forces us to the conclusion 
that it contains no place other than our earth which is at all euitable 
for life at all resembling that existing on earth. The other planets 
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are Tuled out largely by unsuitable temperatures. It used to he 
thought that Mars might ave had a temperature more suited to life 
in some past epoch when the sun's radiation was more energetic than 
it now is, and that similarly Venus can perhaps look forward to # 
more temperate climate in some future age. But these poss 
hardly accord with modern views of stellar evelution. The sun is 
now thought to be a comparatively unchanging stricture, which has 
radiated much os now through the greater part of its post life and 
will continue to do the same until it changes cataclyemically into a 
mintite “white dwarf" star, When this happens there will be.a fall 
of temperature too rapid for life to survive anywhere in the solar 
system and too great for new life ever to get o foothold. As regards 
suitability for life, the earth seems permanently to hold » unique 
position among the bodies surrounding our sun. 

Our sun is, however, only one of myrinds of stars in space. Our 
own palaxy alons contains about 100,000 million stars, and there are 
perhaps 10,000 million similar galuxies in space, Stars are about 
is numerous in space a8 grains of sand in the Sahara, What can we 
eny ‘ia the possibilities of life on planets surrounding these other 
suns 

We want first to know whother these planets exist. Observational 
astronomy can tell ns nothing; if every star in the sky were surrounded 
by a planetary system like that of our sun, no telescope on earth could 
reveal a single one of these planets. Theory ean tell us a little more. 
While there ig some doubt as to the exact manner in which the sun 
neqnired its family of planets, all modern theories are at one in sup- 
posing that it was the result of the close appronch of another star. 
Other stars in the sky must also experience similar appronches, ul- 
though calculation shows that such events must be excessively rare: 
Under conditions like those which now prevail in the neighborhood 
of the sun, o star will experience an approach close enough to generate 
planets only about once in every million million million years. If we 
suppose the star to have lived under these conditions for about 
2,000 million years, only one star in 500 million will have experienced 
the necessary clom encounter, so that at most one star in 500 million 
will be surrounded by plansts. This looks an absurdly minute fraction 
of the whole, yet when the whole consists of a thousand million million 
million stars, this minute fraction represents two million million stars: 
On this caculation, then, two million million stars must already be sur- 
rounded by planets and a new solar system is born every few hours. 
The caleulation probably needs many adjustments; for instance, con- 
ditions hear our sun are not necessarily typieul of conditions through- 
out space and the conditions of today are probably not typical of con- 
ditions in pest ages, Indeed, on any reasonable view of stellar evoln- 
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tion, each star must have begun its life as a Vast moss of nebillous: 
gas, in which state it would present a far more vulnerable target than 
now for disruptive attacks by other stars. Detailed calculation shows 
that the chance of a star's producing planets in this early stage, 
although not lurge, would be quite considerable, and suggests, with » 
large margin to spare, that although planetary systems may be rare in 
space, their total number is far from insignificant, Out of the thou- 
cands or millions of millions of planets that there must surely be in 
space, a very great number must have physical conditions very similar 
te thesa prevailing on earth. 

We cannot even guess whether these sre inhabited by life like our 
own or by life of any kind whatever, The same chemical atoms exist 
thers ug exist here and must have the same properties, so that it is 
likely that the same inorganic compounds have formed there as have 
formed here. If so, we would like to know how far the chain of life 
has progressed, but present-day science ean give no help. We can only 
wonder whether any life there may be elsewhere in the universe hins 
succeeded in managing ite affairs better than we have done in recent 
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For a week before the great aurora of September 18, 1041, with the 
attendant wide-spread disturbances to rndio communication, tlie sun 
had been heralding the event, Although the sunspot cycle haa been 
definitely on the wane since 1937, the week preceding the 18th pre- 
sented one of the largest groups of spots seen In recent years, so con- 
spicuous, in fact, that it was visible to the naked eye through suitable 
dark glasses. The forecasting of interruptions to radio communication 
is of increasing significance in these days of national defense, but the 
ability to foresee communication interruptions has been a recent result 
of intersified interest in the stduy of relationships between solar dis- 
turbances anc terrestrial atmospheric conditions, 

The sun is a typical star of rather ordinary proportions, but because 
of our proximity to it, the eun is the one star upon whose radintions 
activities on the earth are unalterably dependent, Military campaigns 
as well as agriculture since the dawn of civilization must be governed 
by the seasons for which the changing declination of the sun is the 
major astromonicel factor. With the conquest of the upper air for 
Lransportation and the use of atmospheric electric waves for world- 
wide radio communication, the study of the sun’s radiations in relation 
to our atmosphere has become an astronomical problem of far more 
than academic interest, 

Not a day passes hut that our United States Naval Observatory in 
cooperation with other observatories has a complete photographic 
record of the conditions of the sun's surface. When a huge solar starm 
is In the making, communication agencies are forewarned days in 
advance of probable periods of interrupted radio reception, The ques 
tion of the relation of sunspots to the forecasting of weather is still 
in a controversial stage, but meteorologists are beginning to realize the 
increasing significance of conditions in the high atmosphere to the 
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lower regions in which our weather appears to arise. All weather is 
fundamentally traceable to colar radiation. The amount and the char- 
acter of this radiation, particularly in its relationship to atmospheric 
phenomena, merits more detailed consideration. 

From observations at the Smithsonian Institution, the amount of 
energy that the sun emits has been measured with such precision that 
we know not only the quantity of heat and light emitted, but that this 
quantity varies from time to time by some 2 or $ pereent. The sver- 
age energy received by the earth from the sun is about 450 million 
million horsepower. Because of the relatively insignificant size of the 
earth, and also the great distance that separates us from the sun— 
4 distance of 93 million miles—our planet can intercept but about 
one two-billionth of the total solar output. Even so, if we stop to 
consider what tho cost to us would be were we charged for a year’s 
service of hent and light from the Solar Utilities Power and Light 
Company, we would find our indebtedness mounting to staggering pro- 
portions. At # price of 1% cents per kilowatt hour, the annual budget 
thit would have to be allowed for sunshine for the continental United 
States alone would represent an expenditure of 327 quadrillion dollars. 
Such figures ure indeed difficult to imagine. If we change our picture 
ton more restricted one, we can say that the cost of aunshine for Greater 
Now York at the above figure would amount to approximately 100 
million dollars for the avernge day, Fortunately for us, millions of 
years ago this same sunshine provided the energy for growing the 
vast tropical forests of the carboniferons era. ‘The carbon in those: 
fallen tree trunks that we are mining today in the form of coal together 
with the water power provided by the vast irrigating systems main- 
tained by the sun's radiation is the source for the maintenance of our 
public utilities and industries today, It is an interesting question as 
to how long the stm can maintain its present output of radiation ancl 
how fur into the future we may rely upon its ability to furnish us with 
this all-essential source of energy. It appears probable that within 
the hot interior of the sun, which may be estimated in terms of millions 
of degrees, an atomic transmutation is taking place that has been going 
on for millions of years and is likely to continue for a long time to 
come, Through an ingenious carbon cycle recently worked out by 
Professor Bethe, of Cornel] University, we picture the ultimate trans- 
formation of hydrogen into helinm with the continun! release of 
energy in the form of radiation that represents a loss of mass to the sun 
of some 4,200,000 tong every second. Wo scarcely need worry, how- 
ever, about the deterioration of the fuel supply while the san has about 
2,0400,000,000,000,000,000,000,000,000 tons of matter still left in it, 

Lf we unalvze the radiation from. the sun we discover that it covers 
a wide range of wave lengths. Certain of these wave lengths or fre- 
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quencies produce their own special effects upon the earth and its 
atmosphere. 

We are all familiar with tho fact that if sunlight is split into 
its component colors by means of a spectroscope we can see A large 
variety of the radiations represented by the various parts or colors of 
tho solar spectrum. ‘The visible range to which the eye responds 

s frequencies extending from 400 million million cycles per 
second to a frequency just about double this, or 800 million million 
eyeles per second, The sensation of the higher of these two frequen- 
cies is that of violet light, and the sensation produced by the 400 mil- 
lion million cyele frequency is that of deep red light. In between these 
two extremes of the spectrum fall the intervening colors. But outside 
this so-called visible range to which the eye responds there is a vast 
scale of radiations both beyond the red end of the spectrum, which 
we call the infrared, and far down below the violet, which we call 
the ultraviolet. 

By means of the photographic plate, we can extend the map of 
the spectrum in either direction, Far out beyond the red end are 
heat radiations from the sun that may be measured with the thermo- 
pile or the bolometer. Today much research is being done in measur- 
ing the extremely short waves, or high-frequency radiations out beyond 
the violet, for the ultraviolet is coming to have increasing importance 
not. only from the point of view of health but from the point of view 
of the radio engineer. 

The aunlight which we measure or analyze ot the carth’s surface 
is, however, seriously modified by the ubsorption introduced by the 
coustituents of our own atmosphere, As we all know, the earth's 
atmosphere consists of nearly 14 oxygen and %%4 nitrogen. There is a 
sprinkling of carbon dioxide with o bit of argon, neon, crypton, xenon, 
and a trace of helium. Here at the earth’s surface we can count on a 
little more than 1 percent of water vapor. For a thorough mixing 
of the elements of this atmosphere and the maintenance of its tempern- 
ture as well as the variation in its temperature, we rely upon the ean, 
Occasionally we have vividly impressed upon ts the relationship of 
our atmosphere to disturbances on the sun, by displays of aurorae or 
the Polar Lights, often flaming gorgeously red and stretching 100 
miles above the earth. These glowing electric discharges advertise 
the lofty air swarming with the traffic of electrons, ions, and particles, 
jostling one another as they are excited by radiations from the sun 
peculiar to the ocourrences of sunspot activity. 

Observations with the spectroscope indicate that there is much 
radiation at the extreme ultraviolet end of the spectrum to which 
the earth's atmosphere is completely opaque. A great deal of the 
absorption of this region of the solar spectrum of very short wave 
lengths is caused by a layer of ozone which exists at an average height 
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of nbout 22 kilometers, but which probably occupies a region extend- 
ing from 16 to 35 kilometers. Tf all the ozone in this region were 
to be brought to the standard conditions of temperature and pressure 
of our atmosphere at the earth’s surface, it would represent » layer 
of only 2 to 3 millimeters in thickness. Yet this «mall amount of 
ovene is the defense between us and extremely dangerous radiations 
‘in the ultraviolet region of the sun’s light. Were the absorption, 
however, of this region of the solar spectrum even a little greater 
than it is, we should be deprived of that small amount of ultraviolet 
light filtering through our atmosphere that is so essential for health 
and the production of our sunshine vitamin D. Whether or not 
variations in the sun’s radiation are sufficiently great or changes in 
the absorption of the earth’s atmosphere sufficiently large to bring 
about dangerous variations in the production of vitamin D in living 
organisms at the earth’s surface is an interesting question for specula- 
tion and for investigation. 

We can be confident, however, that it is a fortunate combination 
of the sun and our atmosphere that makes life on the earth possible. 
Tho sun not only radiates its health-giving sunshine, but it also emits 
literally death-dealing rays. Were it not for the protecting shield of 
the earth’s atmosphere, the sun would be the annihilator of us all. 
The atmosphere provides on the one hand oxygen for muintaiming 
life, and on the other hand protects ts from the highly penetrating 
rays. It is a sort of a buffer state, the very top of which receives a 
violent bombardment of high-frequency radiations from the sun, and 
the lower layers of which form # blanket that enables the earth to 
retain during the night much of the warmth generated by the sum- 
shine that has penetrated through it, thus mitigating the extremes of 
temperature between night and day to which the earth would other- 
wise be subjected. 

Lf we look at « cross section of the earth's atmosphere, it may for 
convenience be divided into three zones or Iayers in which the strato- 
phere occupies the middle ground. The region below the strato- 
sphere is that which contacts our immediate snrroundings and 
provides the winds and atmospheric currents, giving rise to all our 
wenther. We eall this lower region comprising perhaps the first 5 
or 6 miles the troposphere. The region above the stratosphere 1s 
the ionosphere. If we send a recording thermometer aloft, we find 
that while passing through the troposphere the temperature steadily 
falls until a height of 10 or 12 kilometers is reached, when the 
temperature reaches the extremely low value of —55° C., or some 
68° below zero Fahrenheit. Strangely enough, for the next $0 miles 
or so there appears to be little change in temperature. This is the 
region of the stratosphere. The weather forecaster for the atrato- 
ephere would have « relatively simple task, for day after day, year 
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in and year out, his prognostications would be “clear and cool,” and 
his forecasts would be 100 percent correct. At a height of 60 kilome- 
ters or come 40 miles, the temperature would begin to rise again. 
Recent investigations give some evidence that at extreme heights, 
up where the auroral fires play, temperatures of 1,000° C, have 
to be postulated to account for the presence of the ionized oxygen 
that is there, The extremely rarefied condition of this upper at- 
mosphere, however, calls for perhaps a quite different interpretation 
of temperature than that to which we are ordinarily necustomed 
when determining temperatures by the thermometer at the earth's 
surface. 

Ascending through the cross sections of the atmosphere, we find 
there is a rapid decrease in the amount of atmospheric pressure. 
Within the first 2 miles from the earth’s surface, half the. total 
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YEARS BEFORE Tava YEARS AFTER 
Prot 1—Relative frequency of occurrences of wurerae at the Blue HI) Obserrn- 
tory before nod after yeurs of sumepot nmiaxima. 
amount of oxygen and nitrogen, the principal atmospheric ingred- 
ents, are included. The limiting height to which the thinning 
atmosphere extends is somiewhat difficult to fix. Perhaps we should 
place it at 200 to 300 miles, although recently Dr, Carl Stormer has 
obgerved auroral streamers reaching to heights of 600 kilometers 
ar more, Where auroral streamers go, some of the thin atmosphere 
mitst extend. 
lf we make a chart of the numbers and occurrences of atirorae we 
find there seems to be o curious connection between the frequency 
an brightness of auroral displays and the state of the sun as marked 
by the appearance of sunspots. Professor Brooks, director of the 
Blue Hill Observatory, lias kindly allowed me access to the recorils 
made of aurornae at that station for the Inst 30 years, Utilizing 
the observations of the brighter aurorae, we may make a graph 
showing the variations in the auroral frequencies occurring in years 
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distributed with respect to the maximum occurrences of sunspota. 
The fewest number of aurerae appear to oceur from 4 to 6 years 
before or after the years marking sunspot maxima, The time when 
aurorae appear most frequently would seem to be about 2 years after 
the passing of the maximunt of sunspots. These results corroborate 
rather well these of a longer series of observations tabulated by Dr. 
Chree extending for over 100 years, or from 1750 to 187T. | 

The fact that nurorae occur with far greater frequency during 
years when sunspots are more numerous than diring the years when 
there is n scarcity of sunspota suggests that the electrical effect in 
the upper atmosphere is something for which a disturbed solar 
surface is respoteible. There is, I believe, 2 good renson for the 
fact that the maximum in the auroral displays occurs. o year or two 
after the year of most cunspots. As sunspots begin to wane in 
numbers, they are nevertheless occurring in regions progressively 
nearer the solar equator, and #3 the sun's equator is inclined but 
slightly to the plane of the earth's orbit, we may draw the inference 
that sunspots are most effectively associated with the oceurrence of 
wurorae when, other things being etjnal, they are most nearly in the 
geometrical plane that the earth travels in its journey around the 
Much of our present knowledge of aurorae is due to the exhaustive 
studies and mathematioal calowlutions of Dr, Stdrmer, of Blindern, 
Norway. By careful analysia of the motion of charged particles 
in the magnetic field of the earth, he has been able to deduce tracks 
of ionization so simulating auroral forms as to indicate very signifi- 
cantly that such discharges in the upper atmosphere are indeed the 
result of bombardments of electrons coming in from outside, warped 
by the magnetic field of the earth. In endeavoring to express such 
phenomena on an electronic hypothesis we may well look at the sun, 
therefore, for a consideration of the churacter of sunspots and so 


be ejected in the region of the stinspots thetmerlves, 

When we look at an enlarged view of w sunspot and analyze the 
light from it, we find that the dark interior center is surrounded 
by a turbulent area. Photographs taken in the light emitted by 
hydrogen at a particular frequeney reveal that there are whirling 
masses of gas, arranging themselves in veritable vortices. There is 
every indication, then, that a sunspot is in reality o terrific solar 
hurricane, It was in 1008 that the Inta Dr. George Ellery Hale, 
the founder and director of the Mount Wilson Observatory, first 
observed that sunspots were giant cyclones in the sun’s atmosphere 
They are indeed very similar in their formation to the tropical 
hurricanes that originate in the West Indies and sweep northward. 

With photographic emulsions mado especially sensitive to the red 
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light emitted by hydrogen, there may be photographed on 2 moving 
film the entire solar surface eo far as it is covered by bright luminous: 
hydrogen clouds. The resulting representations of the sun appear 
very different from photographs make in ordinary light. Not only 
ure large clouds of hydrogen gas discernible all over the sun, but 
in the neighborhood of sunspots they often seem to he swept into 
the heart of the spot as if they were caught in the center of a whirl- 
pool, Such an sppearance might be presented by tho top of a ter- 
restrial cyclone or tornado if photographed from a stratospheric 
balloon. ‘The dark center of the spot forms the center of the vor- 
tex; the outlying shaded region that characterizes the so-called 
penumbra of the sunspot would represent the turbulence bordering 
upon the central fonnel about which the atmospheric particles are 
rapidly rotating. Thus we see there is a close analogy between the 
meteorology of tropical cyclones and that of sunspota. To carry 
the analogy still further, spots north of the sun’s equator are in 
general whirling in one direction while corresponding spots south 
of the equator whirl in the opposite direction. If the rotation of 
the one is clockwise, that of the other is counterclockwise. This 
again is characteristic of the differences of rotation of tropical hurri- 
canes on the earth originating im the northern and southern hemi- 
spheres, respectively, 

Had it not been for the trick of splitting wp sunlight into isolated 
frequencies by means of the spectroscope, we should never have had 
pictures showing the existence of solar vortices such ms we have 
today. In the ordinary photograph of the sun, the light emitted by 
every chemical element in the sun’s atmosphere is clamoring to tell 
its story. The result is revealed in a rather jumbled picture of 
what is happening on the sin. The spots show up as dark regions 
only: when the light-emitting power of every element of the sun is 
damaged in the vicinity of these violently disturbed regions, 

The spectroscope is very much like a highly selective radio re- 
ceiving Set, The sun is « high-powered station sending out light, 
broadcast in all the wave lengths and frequencies, When we look at 
the sun or photograph it with a telescope alone, we are nsing all the 
light and are, so to speak, operating o radio receiver which admits all 
frequencies at once. Thus we get a composite but very jumbled picture 
of what is happening on the sun's surface as far na details are con- 
corned. By means of the spectroscope, however, the photographic 
apparatus, to continue our analogy, must be tuned to a single frequency 
such as the 470 million megucycle frequency that the red line of 
hydrogen emits. Tuned to this frequency the spectroscope stills the 
tumult of all other elements and lets hydrogen tell its own story. It is 
then that weobtain the clear photographs conveying so beautifully the 
detailed information about. the vortical whirls around the solar storm 
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centers that would otherwise be lost in the jumble of too many stary 
tellers. 

Tt ins long been known that the frequencies of light waves are 
distorted if there is a powerful magnetio field surrountling the light 
source, This had been demonstrated in the laboratory shortly after 
the reason for such s phenomenon had been given by Zeeman in 
1894. When the Mount Wilson observers first examined and 
actually measured the freqnency of light coming from the centers 
of sunspots, it was found to have changed frequency in exactly the 
way that light waves are distorted in the laboratory when a power: 
ful electromagnet is placed around the source of light being ex: 
amined. If additional proof were needed for the explanation of the 






T ot a ate MHEG a4 i: 
Procwe 2.—The trend of sunspot octivity has been definitely downward since 1037, 
Curve of sunspot numbers emeotbed by three montha moving aversges. 
changed frequencies, it may be stated that the double and triple 
lines found in the spectrum of sunspots indicated that the light 
was polarized just as in the case of the polurized light waves coming 
from the Inboratery source upon which the magnetic field i# im- 
pressed, Thus came the startling revelation that sunspots were 
not only terrific hurricanes but every center was in itself a powerful 
magnet, Since a magnetic ficld may exert a repulsing effect upon 
swiftly moving electrons, we see some reason that charged electric 
particles can be actually hurled from sunspot centers at velocities 
which may carry them through space into the earth’s atmosphere, 
thus ionizing the upper regions of the air in a way that would 
prodtice auroral displays. In the light of such a mechaniem, there- 
fore, we see a possible reason why aurorue occur in greater numbers 
and at greater brilliance at times: when these solar storms occur 

most frequently. 
_ With the new unsurpassed equipment installed at the McMath-Hul- 
bert Observatory of the University of Michigan, motion pictures of the 
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gun's surface have been made on many different frequencies of the 
suns radiation. ‘These ciematographic records promise more material 
for the intense study of the behavior of the solar surface than has ever 
hofore been available, Some of the movements in the high solar at- 
mosphere over the regions of sunspots revealed by this new process of 
recording continuous motion at present defy explanation and may yet 
completely revolutionize our ideas of the sun’s behavior pattern. 

Perhaps the terrestrin] effect that has most nearly paralleled the sun- 
spot cycle is the variation in the state of the earth’s magnetic field. For 
over 100 years, it has been definitely known that the direction of the 
compass needle and the intensity of the earth's magnetic field show 
definite relationships. In the years when sunspots are most numerous 
magnetic disturbances are most frequent and appear with marked im- 
tensity. ‘The years when sunspots are most numerous follow with 
more or less regularity an interval of somewhat over a decade between 
the times of maximum sunspot activity. This solar cyele, or sunspot 
period as-we gomotimes call it, is usually conceded to be on the average 
of about 11.8 years duration. An examination of a graph will show 
that sometimes the interval between maxima may be a# short as 9 
yenrs and on occasion as long as 17 years. 

The last maximum of sunspots was passed in 1987 and weare well on 
our way on the down side of the cycle, It was not until the more 
recent discovery of an ionized region in the upper atmosphere of the 
curth that any real explanation appeared as to why sunspots and 
changes in the earth's magnetic field should show so close a paralleliem. 

Everyone knows in a general way that the earth is a magnetic sphere. 
That the compass needle does not point true north except in various 
restricted parts of the globe is aleo a fact which is generally recog- 
nized, Perhaps comparatively few who are not geomagneticians 
realize that the compass needle is constantly wandering back and forth 
every day by aslightamount. When the sun rises in the east, the north 
end of the compass needle turns:slightly toward that direction. By 
noon when the sun is south, it is pointed in its normal position. Then 
in the afternoon as the sun wanders and sets in the west, the compas 
needle wanders likewise to the west, coming back again to its normal 
position about midnight when the sun is below the northern horizon, 
This goes on day after day, month after month—but during the years 
when sunspots are most numerous these daily excursions of the com- 
puss needle will on the average be twice as great as during the years 
when sunspots are lacking. ‘These diurnal wanderings of the compas 
needle can now be roughly explained as due to the effects of ionization 
of the upper atmosphere by sunlight. As the electric charges hecome 
separated in the process of ionization f the omlecules of nitrogen and 
oxygen under the bombardment of ultraviolet light from the sun, 
the movements of theso jiang create a perceptible current, deflecting 
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the compass needle from its normal magnetic position, We may infer, 
therefore, that at times of sunspot maxima the sumber of these ions in 
the upper air is materially increased, producing a more marked mag- 
netic effect. The strength of the magnetic field of the earth, therefore, 
may be considered as increasing and decreasing with the variation in 
the intensity of the ionization of the upper air that changes with sun- 
gpot occurrences. Most of our knowledge of the ionized region has 
come about through the invention of the radio, 

In the early days of wireless, it was thought that electric waves 
which carried telegraph messages without wires traveled in straight 
lines over the earth, just as light waves do. With this conception 
one could never hope to communicate over very great distances, sinen 
the curvature of the enrth would prevent the passage of the waves as 
the earth’s huge bulk bulged into the communication path. The earlier 
wireless engineers thought that only by building higher and higher 
antenna towers could one ultimately hope to communicate over jhe 
thousands of miles that would make transoceanio wireli=s possible. 

Of course, these early crude notions about the way in which electric 
waves travel were erroneous, Such, nevertheless, is the way in which 
science has groped into the unknown. Somebody experimenting with 
wireless and listening in found himself quite unconsciously ecaves- 
dropping on Marconi waves from the other side of the Atlantic. 
Tnetantly the thought about how wireless weves travel had to he 

. Evidently the electromagnetic waves followed the curvature 
of the earth and did not travel in straight lines after all. This led 
Professor Kennelly of Harvard to postulate that there must exist high 
ubove the earth's surface, perhaps 100 miles or so up, an electrified con- 
ducting layer from which the electromagnetic waves emitted from the 
powerful antennae were reflected back to earth. The earth's upper 
atmosphere, therefore, in his mind formed a conducting layer and 
unprisoned the radio waves between the earth's surface and space 
untside, A few months after Professor Kennelly published his 
hypothesis, the English scientist, Oliver Heaviside, announced « simi- 
lar conclusion quite independently. In honor of these two distin- 
guished men this upper region of the earth's atmosphere that is 
electrically ionized is commonly referred to as the Kennelly-Henriside 
layer, also designated aa the E layer. | 

Af we look at a diagram (pl. 2) which presents » vertical section of 
the earth and its atmosphere, we see that this Kennelly-Heaviside layer 
exists at an altitude of from 100 to 130 kilometers: Radio waves 
emitted from a sending station in all directions arriving in this ionized 
region have their velocity and direction changed us they penetrate 
farther and farther into the region, until at length they are bent 
back to earth again, reaching receiving stations liundrale and same. 
times thousands of miles from the source whence they were broadcast. 
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This region lies far above the stratosphere and generally above the 
region that is usually regarded as that where ozone 1s manufactured, 
This E loyer is particularly favorable for reflecting or turning back 
radio waves of the frequencies which are most generally used for 
commercial broadcasting in connection with our entertainment pro- 
grums, Radio waves of much shorter wave lengths or of higher fre- 
quencies penetrate and actually traverse through this region until they 
rench what appears to be another ionized region called the ¥ layer, 
originally postulated by Professor Appleton in England. This F 
layer lies some 200 kilometers high or in the territory where auroral 
streamers stage their gorgeous displays. If the ionization of these 
upper regions is more intense as we near the period of maximum. sun- 
spot activity, one might well expect that some change might be 
observed in connection with radio transmission. 

Anticipating « new field of research, a Boston radio engineer, G. W. 
Pickard, and myself becume interested in the making of quantitative 
measurements of radio reception during the sunspot maximum of 1928 
in an endeavor to discover if such anticipated effects on radio com- 
munication could be measured. After a few years’ observations, it 
appeared to be evident that when solar activity increased the field 
etrength of a Chieago broadcasting station observed in Boston notably 
weakened, whereas us sunspots became less numerous there was a 
marked increase in the intensity of the radio waves from Chicayo, 
A similar investigation carried on during the decline of sunspots from 
1950 to 1982 hetween Chicago and the Perkins Observatory of Deln- 
ware, Ohio, yielded data to indicate that with a decrease of sunspots 
from a monthly average of 60 at the beginning of 1930 to a monthly 
average of about 10 in 1052, radio reception increased sixfold in its 
intensity, 

Continued observations of the Chicago-Boston field strengths in 
recent yeors have continued to substantiate the general effect earher 
observed. While there may be a 600 percent change in the field 
strengths between a sunspot maximim and a sunspot minimum, this 
does not mean that the degree of ionization in the Kennelly-Heaviside 
layer has been altered by this amount, The field strength of a radio 
wave ata given distance for a given frequeney depends upon the angle 
of reflection or refraction which in turn is dependent upon the degree 
of ionization, Field strength aleo depends upon the absorption of the 
waves, which is a function of the conductivity. Appleton has esti- 
‘ated from his observations that the ionization and the electrical con- 
ductivity of the E and F regions in passing from sunspot maximum 
to sunspot minimum have shown variations of 50 to 60 percent imply- 
ing that the solar ionizing agent (ultraviolet light) responsible for the 
formation of these regions in the ionosphere varies from 120 to 150 
percent during the sunspot cycle. 
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We thus see that radio becomes a sensitive and extremely useful 
tool in recording changes of degree of ionization of the upper atmos- 
phere. When we observe radio field strengths at long distances wo 
are in ® way tracing an integrated effect throughout the whole-trans- 
mission path for a given frequency. 








= 
CLM Wie Ia Ae A, 


Proter 3.—Trend of rodio field atrengths of WREM received at Hoaton compared 
With sunspot activity 1086-1140. Top curve (6) Tapresente punepol non bere 
over entry disk of sun; middle curve (c) represents variation In areas of gun- 
spots of gines of solar latitude 0° to +15" otther side of the sun's oquntor; luw- 
est curve (@) represents yvorlation {11 rudlo feld etrengihe corrected for sen- 
sonal and diurnal variations. The fact that the lowest curve parulieia closely 
Snuispot activity in the O° to +15° xones snggests effect of solar disttrrbances 
ld greatest when spots ar four salar eyuntor, is 





Another way in which we gain important information us to the 
sun's effect upon the upper atniosphere is by making radio soundings 
from day to day. This method, which hag been in use for some 
years at the National Bureau of Standards, at the Department of 
Terrestrial Magnetism of the Carnegie Institution in Washington and 
tlsowhere, consists in sending up a radio pulse of known freque 
and recording its return from the reflecting layer, The time elapsed 
while the wave was traveling this path to the ionosphera and back 
is measured with high precision on an oscillograph. Assuming that 
the radio wave travels with the velocity of light, one can caleylate 
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from the elapsed time the height to which the pulse ascended before 
it- was turned back by the ionosphere, 

Soundings made of the ionosphere reveal different conditions at 
various times, displaying marked changes in the ionic density that 
are dependent upon the hour of the day and the season of the year. 
Routine radio soundings include changing the frequency wt which the 
radio pulse is emitted. If the frequency is sufficiently increased, the 
shorter and more penetrating waves: muny pes completely through the 
ionized layer and not return. When such a frequency is attained, it 
is known as the critical frequency. 
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Fouse 4—Creitical frequencies follow sunspote Ourve smoothed by I2-month, 
miuving AVeriges 

The close relation between the observed critical frequencies and the 

rise and fall in solar activity marked by sunspot numbers has. been 

so apparent during the last 10 years that the National Bureau of 

Standards now undertakes to predict 3 months in advance the best 

ustible frequencies for radio communication based upon the sun- 
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During the last few years of sunspot activity, there have been 
eecasions when remarkable fade-outs have occurred in radio com- 
munication, In several of these instances extraordinary explosions 
huve occurred on the sun simultaneously with the interruption of all 
radio communication In general. It would appear that the intense 
ionizing radiation from the region of the sun where these eruptions 
occur reaches the earth with the velocity of light and of sufficient 
intensity to disturb immoedintely the ionized layer, confusing the 
reflection of radio waves, and thereby resulting in these fade-outs 
which sometimes last for an hour or more, Records at magnetic 
observatories show that during such instances characteristics of the 
earth's mogneti¢ field are likewise suddenly altered. 

Could we visualize the ethereal substance of the loneephere as we 
vistinlize the surface of the ocean, we should find times when terrific 
storms were raging in this ionasphere. Here jons and electrons are 
being hurled hither and yon as through some great electrical wind 
played upon its surface, creating waves literally miles high. Fre- 
quently the turbulence attains such proportions that no reflecting 
surface for radio commimication seems possible at all. When dis- 
turbances on the sum subside, the undulations in the ionosphere may 
qniet down and there is a return to more normal conditions for cam- 
munication traffic through this ocean of the upper air. 

While knowledge of the sun has helped us to understand the 
vagaries of radio, we are coming to see that radio is one of the most 
important tools for learning about what happens on the sun and how 
disturbances there affect the jons in this upper nir. Perhaps some 
day, even though the sky is cloudy, wo shall havea sufficient nomber 
of reports of radio conditions over the globe so that we can form a 
very good idea as to what is happening on the surface of the sun 
by the way in which world-wide radio communication behaves, 
Unlike the telescope, radio apparatus dove not go out of commission 
when the sky is overcast, for electric waves, of course, pass through 
the clouds as easily as ordinary daylight comes through window glass, 

Concerning the exact method or methods by moans ef which the 
sun produces all these electric disturbances of the upper sir with 
the concomitant magnetic variations in the earth, we still lack a 
great deal of knowledge. The fact that the ultraviolet radiation 
from the sun is the major factor in producing this ionization uppears 
reasonable assumption. Whether or not, in addition to the effect 
of the ultraviolet light, streams of charged particles also emanate 
trom the sun in the regions of sunspots is perhaps still debatable, 
yet there is accumulating evidence that in addition to the wave radis. 
tion from the sun. there is also a particle radintion that js primarily 
responsible for the violent magnetic disturbances such as accompanied 
the marked solar activity of Easter week in IMO. The elaborate 
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| work of Dr. Stiérmer, in caleulating the movements 


of hypothetical charged particles from the sun striking the upper 
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tainly seem to favor the idea that corpuscular radiation of some sort 


is responsible for this phenomenon. 
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followed by 1 day the highest value of sunspoltednuss, and that on the 
average 1 to 2 days after (he auroral displays occurred, the weakest 
field strengths on the 770 ke. frequency were recorded, Since waves 
in the broadcast band are returned from the E layer of the ionosphere, 
it would appear that there is « definite lag of from 24 to 48 hours be- 
tween the disturbances in the auroral zone and the greatest. deteriora- 
tion (ionization) in the E layer, Hod we similar mensurementa of 
field strengths at higher frequencies representing waves returning 
the F layer, we might expect a similar effect to occur at an interval 
intermediate between the time of maximam anroral display and the 
time of minimum field strengths from the E layer. Such field-strength 
mensureaments are not available, but fortunately through the courtesy 
of the Bell Telephone Laboratories wo had availuble a record of their 
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transmission disturbatices over oceanic paths. ‘Taking the reciprocal 
of these transmission-disturbance numbers, we have an index of trans- 
mission conditions comparable to the field-strength measurements in 
the broadcast. band. A plot of these transanission disturbances for re- 
ception from the F layer indicated a lag of roughly 12 hours after the 
auroral displays for the minimum transmission conditions. This pro- 
vides perhaps as clear a confirmation.ss could have been anticipated for 
ionization disturbances occurring more promptly in the F luyer than 
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inthe E Inyer. The corve of magnetic disturbance in the earth’s field 
parallels very closely that of transmission disturbances in the F Inyor. 

In utilizing field-strength measurements for comparison with cosmic 
phenomena it has been necessary to apply corrections for the well- 
known diurnal and seasonal variations which depend upon the extent 
to which the ionosphere has been illuminated by sunlight during the 
preceding day. Tf such correction is not applied, we have of course a 
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Frowm 7.—Curve ahowlog gain of nightly feld strengths with the increasing 
depression of the sum below the horkwon hised on upward of 8,000 hours © 
obgervation. The stpoothed curve is used aso correction curve for eliminating 
senaonnl trend before comparing radio feld strengths with other cosmic 





marked seasonal trend with a minimum of reception conditions in stim, 
mer and a maximum in winter. The appropriate correction curve has 
been derived from over 8,000 half-hourly periods of observations, 
covering a range of 5° to —7T0° in the angular depression of the sun 
below the horizon during the observational periods utilized. 

The possibility that an annual or seasonal change exists that is not 
allowed for by the changing declination of the sun led to the reexami- 
nation of all our data of the last few years with the result that m resi- 
dual annual change apparently exists with a maximum in April and 
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May and o minimum in September and October. The curve of this 
residual annual variation strikingly parallels the annual change in the 
distribution of ozone in northern |atitudes as derived by Dobson, The 
parallelism of these two curves suggests that possibly the cause of the 
change in the ozone distribution is intimately associated with that of 
the changes 1 in the ionosphere resulting in this variation im field 
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For the pursuit of these studies in cosmic terrestrial Lionships 
a new laboratory for cosmic terrestrial research has heen toeuted in 
the outskirts of the town of Needham, Mass., where conditions are 
favorable fur radio propagation studies with a minimum of inter- 
ference, and for observations of atmospheric electric phenomena away 
from the contamination due to manufacturing in a metropolitan ares. 
The building provides approximmtely 2,500 square feet of floor space 
for offices and Inboratories, The observational program includes the 
continuous recording of solar radiation, ultraviolet light, atmospheric 
potential gradient, ionic content of the lower air and atmospheric 
electric discharges, as well os the continuation of the meastirrements of 
field intensities of radio waves both in the broadesst band and at high 
frequencies, The relationship of solar observations, ionization phe- 
nomena at high altitudes, and rmdio-wave phenomena to the meteor- 
ology of the lower air affords possibilities for ext 
which may become of increasing importance. 
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Attempts to correlate weather changea with solar phenomena have 
thns far met with varying suceess. In spite of many conflicting re- 
sults, it appears that in general the temperature of the world at lnrge 
is somewhat higher at sunspot minima than at sunspot maxima. This 
seems at firet paradoxical, since we might well expect that at sunspot 
maxima the sun would send us more heat and radiation than at sun- 
spot minima. Many of Dr. Abbot's observations, especially during 
the earlier years, to corroborate this. Yet the surface tempera- 
ture of the globe could be actually cooler in years when the earth is 
receiving more heat from the sun, for increased heat produces in- 
creased evaporation which in turn generally results in increased rain- 
fall. Increased rainfall actually lowers the temperature of the eartli's 
surface and again, by evaporation, continues to cool the air imme 
diately above. Furthermore, with the warming of the earth, a vast 
convectional system of atmospheric currents results, As air warmed 
near the surface of the earth rises, cold air flows in from the polar 
régions with its chilling effects. It appears entirely possible that 
even with an increase in the heat received by the earth from the sun, 
as far as surface conditions are concerned, actually lower tempera- 
tures would occur at selected regions. 

As far as changes in the sun's radiation affecting the general cireu- 
lation of the atmosphere are concerned, it is to be expected that euch 
changes would ultimately give rise to the formation of storms and the 
storm tracks resulting: One of the difficulties in establishing any in- 
timate connection between weather and sunspots is that our observa- 
tions of weather tend to be very local. 

Lf progress is to be made, it will come through # consciousness of the 
distribution of weather as a whole over the entire globe. From a 
more accurate picture of world. weather, indications for weather in t 
given locality at a given time may be more ensily estimated. 

Looking at the weather on a world-wide scale, Henry Helm Cisy- 
ton, of Canton, Mass, has found that pressures oscillate from one 
region to another in some way which appears to depend upon the in- 
tensity of solar activity. He finds there is on opposite trend over the 
continents and oceans in summer as compared with winter, sind that 
the trend is different in the equatorial regions from that in the extra- 
tropical belts, In the equatorial regions temperatures are distinctly 
lower at sunspot maximum and higher at sunspot minimum. The 
same is true in the North: and South Temperate Zones, but tm the 
arid regions bordering the Tropics, the temperature actually aver- 
ages o little higher around sunspot maxinium than at sunspot mint- 
mum. From his studies he concludes that while the North Atlantic 
shows 10 to 20 percent more precipitation, the eastern half of the 
United States is in the region where rainfall is actually less during 
Inaximmm activity on the sin, He conclides that our weather is the 
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result of certain progressive wavelike movements of certain disturbed 
ATeRs, orginating in different parts of the world. With each cycle of 
change in solar activity, the centers of high barometric: pressure move 
from high latitudes to low lntitudes:and back agein. The amplitude 
of their oscillations and the epeed with which these waves progress 
appears to he inversely proportional te the length of the period of 
oscillation, 

In yeors of unusually high sunspot maxima, as was the case in 1037, 
areas of high pressure appear to he pushed further northward. The 
return of these highs to low latitudes with accompanying colder and 
clearer weather may, he believes, be 90 retarded under such. inst 
18 to invert the phase of a cycle that mny have persisted for some 
time while the amplitudes of the oscillations were of Jess magnitude. 
‘Thos there will occur several vears when the differences in burometric 
pressure between the equatorial region and North Temperate Zone 
become greater than normal, to be followed by several years when the 
pressure differences become less than normal, The shifting of these 
centers of uetion, Clayton believes, is definitely associated with sun- 








Various attempts have been made to attribute climatic cycles to 
changes in solar activity. Perhaps the most outstanding ecientific 
contribution in this direction has come from Prof, A. E. Douglass, of 
the University of Arizona, who has epent « lifetime measuring varia- 
tions in tree growth, especially in the forests of the Southwest and 
in California. Douglass noted that sajuences. in periods of rapid 
growth of trees, as measured by the widths of their rings, follow very 
clogaly the sequences in the sunspot cycle. Since variations in tree 
growth sugeest variations in precipitation, ho has accumulated a vast 
amount of evidence for alternations of wet and dry periods variable 
with the sunspot cycle, carrying records backward for some 36,000 
yeurs. His studies appear to indicate that at least for selected regions, 
trees have shown most growth when gunspots were most numerous. It 
does not appear improbable, however, that the growth of trees inte 
grates all favorable conditions and that temperature, the quality of 
stnlight, and the amount of ultraviolet radiation all enter into the 
growth rate of trees as well as docs ‘rainfall, 

Sunepot periods have also been traced with minor discrepancies in 
the flow of rivers and the level of lakes, some regions responding much 
mor: clearly than others to the sunspot cycle, 

Altogether we gee there are many indications that the earth re- 
sponds to the changing state of the sun over an interval ‘of-a little 
over 11 years and often by double this period or approximately 23 
years. Whether all the effects produced in the earth ani its gimos- 
phere that are noticed at sunspot maxima are the result of the sun- 
spots themselves or whether the state of the gun and its whole sur- 
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roundings are so activated as to change materially the cosmic environ- 
ment of the earth is a question still unanswered. 

In summary, we have reviewed a few of the important ways in 
which the sun and the atmosphere are closely associated. ‘The solar 
cycle marked by the coming and going of sunspots appears definitely 
to be reflected in geomagnetic phonomena of the earth, in the ionizn- 
tion of the upper atmosphere affecting all radio communication, m 
climatic cycles of the past and in a somewhat complex manner with 
weather variations today. Pethaps some day terrestrial effects yet 
to be diseovered may in turn become predictable through cycles that 
follow law and order, Difficult as the pursuit of such investigations 
may be, results already attained are a stimulus to sustained effort, and 
we are becoming increasingly conscious withal of a more intimate re- 
lationship between the earth and its cosmic environment than could 
have been suspected a decaile or two ago. In this cosmic environment 
we may be assured the sun will play a major role, 
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THE SUN AND THE EARTH'S MAGNETIC FIELD" 


By J. A. Fimartna : 
Director, Department of Terrestrial Magnetiam, Carnepic Institution of 
Washington 


[Fuh £9 plates] 
INTRODUCTION 


The Smithsonian Institution has been interested since its founda- 
tion in 1646 in researches involving the sun, Its first Secretary, 
Joseph Henry, was also interested in the earth’s magnetism and m 
1830-31 made » series of observations at Albany, N. Y., to determine 
its intensity, and observed. and reported upon a magnetic disturbance 
in connection with the appearance of an aurora. He nurtured the 
idea that solar investigations might be advanced by the application 
of Iaboratory technique. By the nse of thermoelectric apparatus in 
connection with the solar disk projected by a telescope on nm screen 
if o dark room, he concluded that a sunepot emitted less heat than the 
surrounding parts of the luminous disk, Asa member of the faculty 
of Yale College, he accompaniad his friend A, D, Bache—American 
pioneer in the study of the earth's magnetic field—who went to Europe 
in 1887-38 to purchase instruments for the first magnetic observatory 
(Girard College, Philadelphia) and survey in the United States. Th 
one of his memoirs he says, “It must now be admitted that magnetiem 
is not confined to our earth, but is common to other and probably ull 
bodies of our system.” Through these researches, coupled with others 
pertaining to various aspects of solar radiation, Henry foreshadowed 
the productive researches in solar physics so ably conducted and en- 
couraged for many years by the present Secretary. 

We are all acquainted with certain familiar aspects of the sun. We 
all know that it gives us light and warmth. We have all seen it set 
in the evening and—since the introduction of war time—many of us 
have seen it rise in the morning. Biologists have interpreted the 
physiological effects of the sun's radiation on plants and animale and 
have shown how the chlorophyll and other substances in vegetable 


' The eleventh Arthur lecture given uniter the auspice of the Emithsonian Tnatitution, 
Fvbruary 20, 1942 
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tissue convert this solar energy into chemical energy and how the sun's 
rays falling on living animals create vitamins so essential to healthy 
development. Paleontologists and geologists have shown how the 
sun's energy his been captured in the past and preserved for us through 
the ages, even though we are now forced to waste much of that pre- 
cous energy in the prosecution of the war, There are, in addition, 
certain effects of the gun's radiation not directly perceptible to our 
senses but nevertheless of considerable importance to our modern lives: 
I refer to the great physiochemical action of the sun's radiation on 
our outer atmosphere. Through this intervening medium the sun 
affects the earth's magnetism, produces polar lights, and makes [xs 
sible transmission of radio messages over grent distances. Through 
study of these effects we are able in turn to obtain a better understand- 
ing of solar phenomena, In particular, we have learned that the sun 
not only sends out wave radiation but particle radiation as well, and 
that the intensity of ultraviolet radiation from the sun far exceeds 
what should be expected from observations of its visible radiation 
alone. Our subject is this aspect of the sun and its manifold conse- 
quences on the earth. 
SOLAR PHESOMENA’ 


The sun is an ever-changing, seething sphere 864.500 miles in dia- 
meter. When viewed through a telescope, its surface appears gran- 
ilar; this is becanse of small variations in temperature over rela- 
tively small areas (a few hundred square miles). Most obvious of 
solar surface disturbances are the very large dark ateas—in reality 
luminous, but dark by contrast—known as sunspots, which frequently 
appear, These vary greatly in size and on rire occasions may be al- 
most 20 earth-liameters across, A spot about $0,000 miles or 2 earth. 
Hameters across can be seen with the eye through a piece of smoked 
glass, Its day-to-day motion shows that the sun rotates in the same 
direction as the earth. Sunepots tend also to occur in pairs, though 
having smaller companions, with the larger or more stable spet in the 
direction of the sun's rotation from left to right as seen from the earth, 
They ure solar tornadoes in which the whirling gases show features 
resembling the field of an electromagnet. The great flaines called 
prominences, seen more readily near the edge of the sun, may remain 
relatively steady for several days, occasionally in form of arches. 
Eruptive prominences, attaining heights of hundreds of thousands of 
iniles, may appear in rapid succession, in arched form, above an aren 
subsequently occupied by sunspots, The following motion of the gas 
caliy tu Director W, ® Adame sind ta re Suth  Wietotee ean wen eae: 
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SUN AND THE EARTH MAGNETIC FIELD—FLEMING 175 


clouds escaping into surrounding space is not readily traced because 
of the rarefaction and decrensed Juminosity of the gas. 

The areas involved in these rapidly changing granulitions, sun- 
spots, and the long bright streaks or faculne, usually branched, and 
other phenomena accompanying sunspots ure so small as contrasted 
with the whole area of the sun that the direct effect of their variations | 
is rarely more than u fraction of 1 percent of the total solar radiation. 
Thus these phenomena must be indices of some more fundamental solar 
change rather than direct factors causing any large measurable changes 
in the amount of solar radiation—as will appear later in the diseus- 
sion of their effects on the magnetic field of the earth. , 

The unsettled and troubled conditions on the sun extend outward 
for vast distances into adjacent space. The brightly illuminated 
gaseous material forms the beautiful solar corona, formerly observable 
only during eclipses but now photographed at times other than eclipses 
by means of special optical instruments designed some years ago by 
the French scientist Lyot at Pic du Midi. The coronal envelope varies 
in amarked way with variation in frequency of sunspots. ‘The etream- 
ers and plumes near the poles of the sun suggest in shape the lines 
of force of a spherical magnet, and near the equator sometimes extend 
outward many eolar diameters. 

Tn 1908 Hale, at the Mount Wilson Observatory, showed that sun- 
spots have intense magnetic fields, which for large sunspots may be 
of intensity 8,000 to 4,000 gausers or more—comparable to those be- 
tween the pole pieces of large dynamos. Small spots 200 to 300 miles 
in diameter have field strengths about one-thirtieth as great. In gen- 
eral, the field strength at the center of a spot is roughly proportional 
to the logarithm of the radins of the dark and cooler central part or 
umbra and dinunishes toward zero at the outer and lighter part or 
penumbra. The discovery of these magnetic fields was made through 
study of characteristic features of spectra of sunspots utilizing the 
Zeeman effect which reveals thit when light is passed through a strong 
magnetic field each single spectral line is turned into n doublet or trip- 
let—the doublet when the light is viewed in the direction of the lines 
of magnetic force and the triplet when viewed in the perpendicular di- 
rechion. The strength of the magnetic field is determined from the 
differences in the wave lengths of the separate components. These 
observations show that the lines of force are normal to the surface at 
the tmbra of a spot but that toward the periumbra they spread ont- 
ward, 

Many sunspots are surrounded by hydrogen vortices as shown by 
photographs of the sun's surface by the light of hot hydrogen or cal- 
cium. From these photographs, estimates are mide of the great 
rapidity of vortical motion. The direction of rotation of these yor- 
tices is generally counterclockwise in the northern hemisphere and 
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clockwise in the southern, The direction of the vortical rotation is 
associated with the direction of the magnetic field of 1 spot; two spots 
for which vortical motion is opposite have oppositely directed mag- 
netic fields, 

For routine obeervation of magnetic fields and sunspo eCi 
analyzer is used by which one determines the magnetic cobaciee of a 
sunspot, observing merely whether the positive (red) or the negative 
(violst) component of a line is transmitted. 

Sunspots usnally appesr in elongated groups, and spots at opposite 
ends of these groups have opposite polarities. Although it was soon 
realized that the number of sunspots yaried with rime, it was not 
until 1843 that Schwabe showed that they occurred in cycles. From 
the results since then of many years of observation by devoted observers 
in all parts of the world, the spottedness of the sun has been found 
to vary in a somewhat firerular fashion with un average period of 
about 11 years. This li-vesr eyele does not progress smoothly but 
in short-period pulsations which vary in length from about 15 monthe 
to periods as short as or 6 months. The polarities of spots in a new 
ae are opposite to thoee after the minimum of the preceding cycle, 

The spots at the first of a new cycle are in zones about 30° from the 
equator: they gradually approach the solar equator at the end of the 
cycle, Thus solar activity apparently has a fundamental cycle double 
that of the Ll-year cycle, The fact that spots have been more 
Dumerous in alternite L1-year eyeles also indicates this. From the 
viewpoint of effects on the earth, the 11-year period is probably more 
important. All spots appear to move across the sun’s disk from east 
to west. Many single spots and groups of spots, which huve passed 
from sight around the sun's western edge, have been recognized on 
their reappearance, after about 2 weeks" time, at the eastern edge, 

It has been concluded from the recurrences of such groups that the 
period of the sun's rotation is about 27 days. To be more precise, 
the interval elapsing between two successive passages of a spot across 
thie sun's central Jine is a little less than 27 days for spots on the sun's 
wjustor and this interval increases to more than 28 daya for those 
midway between the equator and the poles. Spots are rarely observed 
any newret to the sun's poles. The outlines of sunspots are variable: 
some do not reappear at all and others exist through several rotations, 
but rarely persist for longer than half a year. They do not endure 
as. do the surface irreguluritics on the earth and moon. 

Observations by the spectroscopic method have shown that the sun 
also has a general magnetic field somewhat like that of the earth with 
opposite poles of unchanging polarity in the northern and sout 
hemispheres, However, the field intensity is small and care 
is required to detect it. The measurements mude at the Most Wil- 
son Observatory indicate that the north magnetic pole of the sun is 














SUN AND THE EARTHS MAGNETIC FIELD—FLEAING 86177 


about 4° from ite pole and thus much nearer than is the case for the 
earth whose magnetic axis mukes un angle of 11.°5 with the axis of 
rotation. From vuriation in the inclination of the magnetic axis 
of the sun as the sun rotates, it s ppears that the magnetic pole rotates 
about the geographical pole once in about $14 days The stin’s mag- 
netic field ia about 50 gausees or 100 times greater at its surface than 
the maximum value of the magnetic field of the earthy and tts intensity 
decreases rapidly with height. 

Exceedingly brilliant clouds occasionally burst forth suddenly on 
the sun and reach maximum brightness in a few minutes and then 
slowly subside. These spectacular bright eruptions usually last from 
it) to 30 minutes, depending upon their brightness, although some of 
the most brilliant) have remained as long as a few hours. They 
usially occur in the neighborhood of magnetically complex—usually 
also abnormally active—sunspots, which chunge rapidly in form and 
size, They flare up into the solar atmosphere far above the level of 
the sunepots like sheets or tongues of flame extending outward; 
often, brilliant fountainlike prominences are observed over such active 
spot groups. The upper region of the solar atmosphere where these 
clouds appear is:called the chromosphere, and in it are also the many 
other fainter and more stable prominences, Although the latter are 
much fainter, they usually extend higher above the solar surface than 
the very bright clouds that appear so suddenly. Becanse of their 
brightness and almost explosive nature, these active prominences are 
enlled chromospheric eruptions to distinguish them from less intense 
eruptions. Spectroscopic analysis of the light from the chromospheric 
eruptions shows that they are composed miinly of hydrogen and 
helinm. 

Tt has been found that chromospheric eruptions produce terrestrial 
effects throughout the daylight hemisphere on the earth. The visible 
radiations of these bright eruptions cannot account for the observed 
results on ‘the earth, indicating that an immense incresise in the in- 
visible or ultraviolet light must accompany them, These eruptions, 
with their direct almost simultaneous effects on the earth furnish the 
first and only evidence which has eo far been obtained of positive 
terrestrial changes produced by specific <olur phenomena atid have 
opened the way to the solution of many problems of influences of 
solar activity on the earth's magnetiam. 








THE EARTH'S MAGNETIC FLELD 


The complex nature of geomagnetism—the general maguetic field 
of the earth—and of its varied phenomens is still a riddle. Despite 
several centuries of speculation and research, there is os yet no ade- 
quate explanation of how the earth became magnetic or why it 
remains so. Associated with this problem is the “perpetual vari- 
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ability” of geomugnetism at any one place—changes, on the one hand, 
slow when compared with the life span of the individual, as in 
long-time or secular change, and, on the other hand, rapid, as in its 
short-time or more ephemeral changes; it is Iargely in the Intter that 
we find interrelations with coamical phenomena in space, about ua 
The compass appears simple though mysterious in its directive 
ability which demonstrates that magnetic forces are present every- 
where about us, This is evidenced also by the inductive magnetic 
action of the earth's field upon a materia) highly susceptible to such 
action, for example, an alloy such as permalloy with unusually great 
capacity for transient induced magnetization in weak magnetic 
fields like that of our planet. When a thin Jong rod of permalloy 






Pidtae: 1—Suneput omubers aid ¢yeles of plas and minus polarities, 100-1M0, 

iAftor & 6, Nicholson, } 
is directed toward the north magnetic pole of the earth, the mag- 
netization induced m the bar by the geomagnetic field is quite snufii- 
cient to lift small pieces of permalloy. But as the rod is turned with 
ita length at right angles to the field and thus in the direction least 
favorable to induction, it loses the magnetism induced by the earth 
and will no longer support such metal strips, which fall. But that 
which is apparently simple is often the most baffling as in this case, 
perhaps not in the physical principles concerned, yet certainly in the 
origin and obeeryed periodic and aperiodic fluctuations of the forces 
involved, 

The first perception of the natural phenomena of geomapnetism 
through the directive property of a lodestone or magnet freely gus- 
pended in the earth’s field is veiled by the myths and legends of 
south-pointing chariots in China some 4,500 years ogo and of its ap- 
plications by the Egyptinns, the Phoenicians, the Greeks, and the 
Latins. However, there is definite and well-euthenticated evidence 
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of the nse of this property in navigation by the end of the twelfth 
eontury A. D. | 

Magnetic dip or inclination was unknown until 1581, when Rob- 
ert Norman of London, a practical seaman and instrument maker, 
published “The newe Atiractive, containyng o short discourse of the 
Magnes or Lodestone, and amongest other his vertues, of a newe dis- 
couered secret and subtill propertie, concernyng the Deelinyng of 
the Needle, touched therewith under the plaine of the Horixan.”? 
Norman mounted his needle on o horizontal! axle so that it. was free to 
move in the vertical plane and observed the actual dipping below 
the horizon. This gave the first hint that the source of the mag- 
netic field of the earth might be within the globe and not in the 
Stars as previously supposed. 

Thenes onward there was gradual transition from the field of spec- 
ulation to that of scientific investigation, and in 1600 Gilbert pub- 
lished his famous book an the magnet, the first treatise picturing the 
earth’s action #4 a great magnet, » conclusion which preceded New- 
tan’s announcement of universal gravitation, A century later Hal- 
ley’s world churts showing “variations”—that is, declination—of the 
compass appeared. Wilcke’s chart of magnetic dip or inclination 
was published in 1768, Charts delineating magnetic directive force 
resulted from Humboldt’: observations on his American journeys 
during 1799 te 1803. 

The period including the end of the eighteenth century and the 
first half of the nineteenth century was an era of unequaled can- 
structive work in geomagnetiom by many eminent scholars. Among 
these may be mentioned Humboldt, Gauss, and Lamont of Germany, 
Sabine and Airy of Great Britain, Poisson and Duperrey of France, 
Quetelet of Belgium, Hansteen of Norway, Kupffer of Russia, and 
Nicollet, Locke, Loomis, Bache, und Henry of America, 

That thoughts on this subject. were then not limited to scientific 
men is evidenced by a discourse of John Quincy Adams in our House 
of Representatives during preliminary steps bearing on the estublish- 
ment of the Smithsonian Institution in which he said: 

What an unknown world of mind is yet... to be revealed im tracing the 
canes of the eympathy between the magnet and the Polo—that uneern, inm- 
terial spirit, which walks with us» through the most entangled forests, over 
the most interminable wilderness, and nerosa every region of the pathless 
deep, by day, ty night... Who can witness the movements of that trem- 
Hions needle, poled upon ite center, still tering to the polar star, without 
feollog a thetll of amazement approaching to superstition? 








"Io 1544 Georg Hartmann of Nuremborg stated be had noticed rhat a magnet not only 
Geclines from the north avid turns toward the east but alan points downward, Martinenn, 
ibe stn icin fat mewht hie needle in eerh @ manner as to show the precise amount of dip, 
7. THAD, unt of dip 
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The picture of magnetic phenomena is incomplete if viewed only 
in « man-made laboratory, even though we can now produce 
there an nrtificial magnetic field within a space of a cubic inch which 
is 100,000 and more times as intense as that of the earth. For- 
tunately, Nature provides not only the earth and its atmosphere as 
great magnetic laboratory but also continuously performs experi- 
ments, utilizing as apparatus the sun, (he moen, and the radiations 
from space. The interpretation of observable data in so vast a 
laboratory requires special types of research and, in unique degree, 
world-wide coordination of data and experiment, No single well- 
planned experiment or observation can solve the problems: presented. 
Observations must be made in all parts of the world and must be 
continued over a long period, Techniques for the organization and 
interpretation of these data must be developed and experimental 
researches must be conducted along lines which will supply informa- 
tion on basic properties related to the subject, Thus it is only 
through mutual assistance and cooperation of investigators im 
geophysics, in geology, in astronomy, in physics, and im mathems- 
tics that we may hope to forward interpretation of natural phenom- 
ena. Progress in the earth sciences is not the result of individual 
research; it proceeds not from the isolated work of the few, but 
from the coordinated efforta of the many. Truly, some individunls 
may contribute more than others to this evolution of understanding, 
but their power to contribute is to a large extent determined by the 
works af their predecessors and of their colleagues. 

The geomagnetic field extends far out into the atmosphere and be- 
yond it. Even 4,000 miles above vs it is still one-eighth as great as 
af the earth’s surface. Our globe may be regarded as approximately 
a uniformly magnetized sphere with its axis mnuking an angle of 
11.°6 with the axis of rotation, Although but feebly magnetized us 
compared with the magnetization altainuble in high-grade magnet 
ateela, the average intensity of magnetization is many orders of 
magnitude greater than that observed in ordinary crustal rocks, Ap- 
preciable irregularities im the field exist, but they do not cause 
great departures from the field which would be produced by the 
hypothetical uniform magnetization. The moments of the uniform 
portion of the earth’s maguetiam, the axial, and the equntorial com- 
ponents in centimeter-gram-second units, as determined by Bauer's 
analysis of available data in 1923, are M=8,01 10", M,=7,88x 10", 
and A/,=1.60% 10°, respectively. If the magnetism were distriluted 
uniformly throughout the earth’s volume, the average intensity of 
magnetization would be 0.074 centimeter-gram-gecond unit, A 
general idea of the field may be obtamed by the distribution of iron 
filings over a disk magnet, but in reality the earth’s field ia much more 
complicated. 
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The principal magnetic poles are distant 1,200 miles or more from 
the geographic poles. The north magnetic pole, visited in 1831 by 
Tkoss and in 1903 by Amundsen, is in Boothia Peningula in north 
Canada (latitude HO. “5 north, longitude 95.°5 west), The south 
magnetic pole, reached in 1909 by E. David, Douglas Mawson, and A. 
Mackay, of Shackleton’s British Antarctic Expedition 
in South Victoria Land of the Antarctic Continent (latitude 72.*4 
south, longitude 155.°3 cast). Thus the lins joining the magnetic 
poles ig not a diameter of the earth but passes at a distance of some 
760 miles from its center. It is to be noted that the equivalent axis 
of the uniform magnelization intercepts the northern hemisphere in 
latitude 78.°5 north and longitude 69.°1 west. Thus these so-called 

“geomagnetic” poles are considerably removed from the actual mag- 
netic poles as observed, 

Measurements to determine the earth's magnetic field at any point 
and time mist include observations of three magnetic elements, 
namely; (1) Magnetic declination or direction, the angle between the 
troe astronomical north-south meridional plane and the vertical 
plane through the magnetic north-south direction as defined by the 
compass; (2) magnetic inclination or dip, the angle through which a 
magnet entirely free to move would dip below the horizon in the 
magnetic north-south meridional plane; and (3) the total magnetic 
force, acting in the magnetic meridional plane or its horizontal com- 
ponent or its vertical component. 

Painstaking and patient recording and analyses of the complex 
ooomagnetic variations through days, years, and decades at observa- 
taries and on magnetic surveys on land and cea have disclosed cer- 
tuin systematic features and irregular variations of these, all of 
which may be designated as time changes of the geomagnetic field. 
The more pronounced systematic and periodic features are the secu- 
lor, daily or solar diurnal, lunor-day, and annual variations. 

Secular variation ie a progressive change, that is, a slow age-long 
variation; it was first noted in compass direction—the so-called varin- 
tion of the mariner—by Gellibrand in 1634 who announced quaintly 
that “varintion is accompanied with a variation.” It takes important 
part in navigation at sea by magnetic direction as indicated by the 
conipass—a use which stimulated and maintained interest in deter- 
mining its value from the time of Columbns. Before the invention 
of chronometers jt was thonght that geographic position might be 
derived from knowledge of changes from place to place in magnetic 
declination and inclination, ‘This led to the first systematic oceanic 
survey by the astronomer Edmund Halley in the Adantic Ocean 
during 1698-1700 on the pink‘ Paramour, Halley's was the first 








‘A gink (oan oldatvie, sarroe-sterned oulling vessel. 


182 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1942 


sats AAD 
CN 


oy RS 
[eh eseodms 


Soria ili ae gt = 


is j 
| 
a F 
E 
4 | 


HRSG, qa 





Fiavien 2—Charts showing serular chonge of peu magnetism, 
Uirection or declinathn at Bix stithons ; center, lines of gero 


per, | 
magnetic « 
Hen or et ep With dots on side of ypc Le on which declinationa are canatty: 
lower, lines of sere maguetle inclinathin of Leoelioles. 





SUN AND THE EARTH'S MA) 183 


chart to show lines along which the compass direction differed from 
the true north by the sume angle, thut is, lines of equal magnetic 
declination or isogonics. Corresponding isoclinic nnd isodynamic 
charts chow lines of equal dipping cr inclination and of equal hori- 
#ontal, vertical, or total magnetic force acting on the compass. World 
charts of these magnetic contours for different epochs show marked 
changes in their trends—chonges caused by secular variation. Secu- 
lar variations show apparent small-order dependence in their progress 
on the sunspot cycle. 








Prov; 3.—Lsomagnetic ctrort of lines of equal deriination or isogonles, epoch 
1, «(After DU. & Hydregrapile Offer.) 


The second important time change is the 24-hour daily or solar 
variation. This variation takes place chiefly during daylight and 
changes in a more or less regulur manner in magnitude and character 
with geographic position, with the seasons of the year, and with solar 
cycles; it was first observed * and defined in 1722, It te repented 
from day to day and is most clearly seen on records obtained on 
tiagnetically quiet days. As dawn approaches ench day the north 
end of every compass needJe in the Northern Hemisphere shifts 
slightly towird the cast, attaining a maximum eastward elongation 


et In the preaeneco of the King ot Lowvean, Thalland, In 1682 showed the 
compos Jireetion to be differnt on eevee diferm) dave; prolially thee were mails af 
diferent tities of day amd thos wore really the Great. observed Imiliathlon of iturnal 
Wari tion. 
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from its average about 7 to 8 o'clock, then shifts westwardly passing 
ita average daily direction shortly before noon, reaches an extreme 
eastward position about 1 or 2 o'clock, and during the late ation: 
noon hours begins to shift eastwardly back to the average directs 
which it muintains practically during the mght hours. In the 
Southern Hemisphere the motion is reversed, the south end of the 
compass needle exhibiting the same tendency to follow the sun's 
apparent motion. Toward the North and the South Poles the di- 
urna! variation is grentest, while near the Equator it is practically 
zero. Somewhat similar behavior during the day and night ia shown 
#leo by the other ena gnehs elements, 








er U. § Coast and 

Thus it is apparent that in its main features the solar diurnal 
varialion progresses according to local mean time. Therefore, (his 
yarigtion is connected with the earth's rotation and, as its major 
tendency follows the apparent motion of the sun, it may be pre- 
sumed that the eu is an important factor in this daily phenomenon. 
This isan indication that the earth’s magnetism responds to outside 
influences which find their origin im solar activity and act upon the 
upper regions of the atmosphere, 

The lunar-day variation, while averaging less than one-tenth that 
of the solar day, is quite systematic. Instead of considering the 


Wares ¥—Dienil varintlon of (a) magnetic declination, and (JF) Inclination. 
(Aft Geotetle Survey.) 


changes hour to hour from midnight to midnight, that is, from one 
lower transit of the cun to the next, the data are studied for 24 
lunat hours, that is, for the lunar day from one lower transit of the 

moon to the next—an sverige of 23 hours 10 minutes for 24 lunar 
hours. While this variation is too small to have practical interest 
in navigation, it is very important for the investigation of the high 
layers of the atmosphere. The double wave of the lunar variation 
indicates its tidal origim It is likely that the lunar variations 
originate in even higher layers of the atmosphere than the solar 
variations, because they are so extremely sensitive to changes in 
magnetic activity. These geomagnetic tides provide a new approach 
to the study of resonance phenomena in atmospheric oscillations, 

The minute annval varintion ia revealed when monthly values of 
the magnetic elements are corrected for progressive secular change. 
It should not be confused with the annual change which is the change 
in one year due to secular variation. 

There are other magnetic time changes of quasi-regular and of 
irregular type. ‘The more important of these in relation to the sum re 
short-period, long-period, and sudden-commencement disturbances 
superimposed on the systematic variations and designated as mugnetic 
storma and perturbatians. 

These are associated with what we call the earth's magnetic activity 
or, let us sny, its genera! state of magnetic rest or magnetic unrest, 
and herein we find spectacular features emphnsizing apparent reli- 
tions to the observed solar phenomena. The magnetic activity at a 
given etation, during any interval, may be defined as » measure for 
the frequency and intensity of marked irregular departures from the 
normal diurnal variation in thet interval, There are several ways 
of applying such a definition. he simplest is that in which every 
observatory, from inspection of its photegraphic records, assigns to 
each 24 hours between successive Greenwich midnights a “charucter 
figure,” designated as @, on uw scale of 0-1-2. The character “0” 
applies to quiet, “1” to moderately disturbed, and #2" to greatly dis- 
turbed days. From these the International Association of Terrestrial 
Maynetiam and Electricity niso determines the five least disturbed 
and the five most disturbed days in each month and selects: certain 
days for reproduction in the annual publication of magnetic results 
from each observatory. This measure, maintained by international 
agreement since 190, gives adopted average daily values for all 
collaborating obseryatorics—now numbering nearly 60, 

A more detailed measure is thot depending upon the day-to-day 
changes in the mean valnes of the horizontal component of the mag- 
netic force since magnetic disturbances have a systematic effect on 
that component. ‘This effect is an initial rise, followed by a larger 
decrease accompanied by more or less violent perturbations, and a 
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slow recovery, The activity is smallest at. the earth's. magnetic 
equator and increases in a regular manner to its greatest value in the 
auroral zone. This daily figure of activity, known us the uv meusure, 
is roughly defined as the average change from day to day, regardless 
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of sign, of the magnetic force near the equator. It is not useful as 
a measure for a single day, but its monthly and annual values express 
quite definitely the average amount of magnetic disturbance. 

A certain lng of v behind the sunspots supports the theary that 
when sunspots are nearer the sun’s equator there is greater probability 
that the corpuscles, emitted more or less radially from the sun, are 
more likely to sweep across the earth. 

Developments in the science of geomagnetism and correlative ef- 
fects with other geophysical phenomena, especially those concerned 
with radio communication, have made desirable a quantitative and 
more detailed measure of geomagnetic activity. This measure is 
the 3-hour range index, H, which evaluates geomagnetic activity 
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for each of the eight 8-hour periods of the Greenwich day, ‘The 
activity in excess of the regular daily variation is measured for each 
83-hour period and an index from 0 to 9 is assigned in accordance 
with the activity “0” for very quiet and “0” for extremely disturbed. 
Thus, by means of eight indices, the geomagnetic activity for a day 
is abstracted from the continuous magnetic records at each observa- 
tory. The progress of a mugnetic storm is readily followed and the 
geomagnetic activity at one observatory may be compared with that 
at another observatory in a different geomagnetic latitude; for ex- 
ample, the A indices for the period 0% to 12", February 5, 1942, at 
observatories arranged in order of increasing north geomagnetic 
latitude ® were 3, 3, 5, 5,6, and 7 at Honolulu (@ = 21°), San Jat 
(#=30"}, Tucson (@=40°), Cheltenham (®—50°), Sitka (@=60°), 
and College (#=64°), For the same period the index at Wathero 
at 42° south geomagnetic latitude was 4 

Violent magnetic storms with 3-hour-range index of 9 occur only 
a few times near o sunspot maximum, but it is equally rare that any 
full 3-hour interval is perfectly free from disturbance. This means 
that the earth is almost constantly, even near sunspot minimum, 
under the influence of particles (presumably solar), weak as this 
influence may be of times. | 

The intensity of the ionizing solar wave radiation absorbed in the 
ionosphere on the daylight hemispliere can likewise be measured 
geomagnetically in the amplitudes of the solar daily magnetic varia- 
tion. Analysis of 18 years’ records (1922-89) of horizontal inten- 
sity at the Huancayo Magnetic Observatory, in which the magnitude 
of the solar daily magnetic variation is exceptional, give a measure 
for the ionizing solar wave ridiution comparable with the relative 
‘sunspot numbers as the only available complete series of daily meas- 
ures of solur activity. The correlation coefficient between them is 
+002 for monthly means and +0,984 for annual means. These are 
the closest relations so fur established between phenomena on the 
sun and the earth. 

From the indices supplied by individual observatories, a. mean 
index may be derived which will represent world-wide conditions. 
The mean indices computed from the data supplied by seven Amer- 
ican-operated observatories during the year 1941 show three out- 
standing storms in 1#41-on March 1, July 5, and September 18 and 
19. A remarkable recurrence of quiet conditions also occurred dur- 
ing the year. January § was the first quiet day of this series fol- 
lowed by 18 quiet-day recurrences at exactly 27-day intervals, 

Magnetic disturbances may be classified as (1) world-wide mag- 
netic storms, simultaneous over the earth and primarily due to 
changes in the electric conditions outside the earth, and (2) smaller 
disturbances restricted to parts of the globe and with center of field 
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of action at times stationary but generally moving from place to 
pluee. Storms of the first type may follow comperatively quiet or 
normal conditions and are often initiated by a sudden sharp shift—a 
“sodden commencement"—<imultaneous, within a minute of time, 
at all observatories. A tendency to oscillation and continued unrest 
during intervals varying from 10 hours to several days is one of the 
outstanding features of such storms. 

The second, more local, type of transient magnetic disturbances 
is nsuilly represented by » rather slowly developing “bay” on the 
record extending over half an hour or somewhat more. 
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Figuae 6—World-wide sudden commencement of geomagnetic storm at 18400", 
Liwedider’ mean time, May 13, 1921, showing changes in horizontal-tatensity 





Thus disturbed or quiet magnetic conditions nearly always affect 
the whole earth simultaneously. The possibility of any connection 
between the disturbances of the earth's magnetic field and the weather 
ig excluded since weather is so distinctly local and so different all 
over the world. But polar lights—the auroras—are always seen in 
polar regions when magnetic storms oceur. In 1741 Celsius and 
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Hidrter at Upsala confirmed, by « long series of observations, the 
connection between auroral displays and disturbances in the normal 
fluctuations of the needle. To explain these spectacular displays, 
which appear as curtains, arches, bands, and rays, with many varia- 
tions, extensive mathematical and experimental investigations have 
been ‘toade, especially by our Norwegian colleagues. Birkeland, by 
means of a cathode sphere in a vacuum chamber, demonstrated the 
accumulation of electrons in the plane of the magnetic equator. 
Since that time his distinguished successors, Stérmer and Vegard, 
have done much to advance the study of auroral phenomena, 
Elaborate calculations of the paths of electrified corpuscles which 
are entrapped between outermost lines of magnetic force of the 
earth’s field have been bewutifully demonstrated in the laboratory 
by Briiche. 

Minute particles in varying numbers are continually from 
the sun, Once within the earth’s magnetic field, these electrified 
corpuscles are entrapped by the outermost lines of magnetic force, 
When the particles pass through the atmosphere, they cause the 
air to glow by their impact, and produce brilliunt polar-light dis- 
plays. From simultaneous photographs of aurora, taken at two 
stations a known distance apart, it hes been found that polar-light 
beams generally do not come closer to the earth's surface than about 
50 miles; some come no closer than 300 miles or more. Since the 
height of polar lights is in no case less than 50 miles above the 
ground, the conclusion is drawn that the magnetic variations and 
disturbances also have their origin in electrical phenomena taking 
place at least at greater heights in the atmosphere. This has been 
confirmed in every respect and the study of the magnetic variations 
is one of our main sources of information about the constitution. 
of, and the phenomena i in, these outermost and inaccessible regions 
of the atmosphere. 

Thus, inspection of data indicates an apparent interrelation of 
the earth's field with the sun, The sun's magnetic field, even though 
it is 100 times that of the earth, is far too weak to make ifs mag- 
netic infloence felt at the earth, 93,000,000 miles distant. It is much 
more probable that solar influences on the earth’s magnetism are 
connected with enormous streams or clouds of particles, atoms, ions, 
and electrons ejected from the active regions of the sun, which 
travel through space and from time to time reach the earth after 
lor 2 days, and impinge upon its atmosphere, causing magnetic storms, 
which often disturb electrical communications by cable, telegraph, 
and radio. 

The regular daily magnetic variation apparently is the effect of 
other radiations from the sun, which travel with the velocity of light 
and are absorbed in the highest levels of the air, and which make 
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these layers electrically conducting. These conclusions drawn many 
yeurs ago from magnetic observations became more important after 
the invention of wireless telography, because by them we may explain 
why wireless waves are bent around the earth along these same con- 
ducting layers. 





Five 7-—Total disteibution of auroral forms and of tower thmits for auroral 
heights. 

The range of diurnal yariation varies with maguetie character, 
Statistical studies, which tend to smooth the violent irregular fluctna- 
tions, have led to the identification of three main features of a mung 
netic storm, These are: (1) An everywhore similar but tnequally 
large genéral source according to universal time: (2) 0 superposed 
diurnal movement according to local time, differing characteristically 
from the ordinary diurnal variation on quiet days: and (3) an after- 
effect, which gradually suljsides in the recovery during the days after 
A storm, 
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Magnetic activity provides one of the means of determining another 
time change, namely, that of an 11-year cyele apparently agreemg 
with the well-known cycle in sunspot frequency. Latest investigations 
have shown, however, that solar activity as indicated in its reflected 
effect in the magnetic field is not completely or always represented 
by sunspottedness or other phenomena which astrophysicists observe 
on the sun‘s surface; magnetic observations apparently reveal distinct 
solar influences of another-kind and add in this way to our knowledge 
of solar physics. 
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Finuzm: §&—Geomngnetic octivity and relative sunspot numbers, Upper, for 
antim! means, ISTH: an lower, for monthly means, IST2-141L 

As the earth revolves about the sun during the year there are 
corresponding Mictuntions in magnetic activity, the maximum or creat 
occurring during the equinoctial months of March and September, 
and the minimum or trough in the solstitial months of June and 
December. This is revealed in the annual variation of magnetic ac- 
livity deduced from examination of many years’ observations ob- 
tained at several observatories. Graplis of sunspot areas for years: 
with many and years with few sunspots plotted against days before 
inugnetic storms give further evidence of relations between solar 
activity and magnetic activity, 


As hos been stated, the recurrence of sunspots with the sun's rota- 
lion varies for different solar latitudes from 27 to 28 days. There- 
fore, if solar activity has an effect on the earth’s magnetic fiald, we 
may expect some like recurrence in geomagnetic activity. 

The simplest method of establishing the existence of a recurrence 
tendency and of determining any average of its interval is the super- 
posed epoch method due to Chree. This proof depends only on mag- 
netio data without any reference to the sun, The average character 
figures for epochs of 5 days per month that have the highest character 
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“Supervo-pich ihed to stow war period tn promagaeian 
figure of magnetic activity and for each of the 5 preceding and 80 or 
more days Sahat are Jai dee When plotted, these a 

show first marked peaks con ponding to the selected epochs followed 
ly repetitions of the peak after 97 days, ths indicating the tendency 
for magnetic disturbance to recur in about 27, 54, and 81 days The 
same method applied to selected epochs of the 5 quictest days per 
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month shows the recurrence tendency equally well, with the initial 
and repeated peaks after 27 days inverted becanss their character 
figures are below the avernge. 

A. modification of this method consists in charting character figures 
for all days for a number of years. On such a chart, in order to com- 
pare the magnetic character with conditions on the sun, which rotates 
once in about 27 days, appropriate symbols indicating the magnetic 
character of each day are placed in rows, the date of the first day in 
ench row being indicated at the left, and euch successive row beginning 
97 days later. In order to emphasize the continuity of the series, the 
symbols showing magnetic character for the first 9 days of the next 
row are repented. Charts of this kind show vertically elongated 
clusters covering one or more rotation periods. Similar time patterns 
for the sunspot cycle indicate this cycle to be more strongly manifested 

on the sun than in geomagnetic disturbance. In this method, devel- 
cea by Bartels, one may concentrate graphically information 
obtained during many years by the world net of magnetic and astro- 
nomic observatories, The magnetic clusters are at times found to be 
more pronounced for periods when the sun is free or almost free 
from spots. Even for periods when both are disturbed the respective 
time patterns are often very different. Therefore, it is clear that 
sunspot numbers are not always a good index of any solar agencies 
that cause magnetic disturbance on the earth, Thus, further research 
on this interrelation calls for » more all-inclusive measure of solar 
activity than that of the sunspottedness, a matter for the solution 
of which we must look to the astrophysicist. 

Whatever theory of magnetic disturbances may finally be evolved, 
it. is clear that geomagnetiem provides us with information regarding 
fairly persistent solar phenomena, restricted to varying but always 
well-defined regions on the sun's surface. These are not only of inter- 
est: for study of the eun, because direct astrophysical observations do 
not. reveal them as yet, but are of even greater interest. from the 
terrestrial standpoint because magnetism records these solar influences 
only in so far as they actually affect our globe. 

1ONOSPHERIC AND SOLAR RELATIONS 

The conclusion drawn from magnetic variationg and distarbances 
and from polar lights that they have their origin in electrical phe 
nomena at great heights in the atmosphere makes it of interest to 
study the electrical conditions thers, Since we are unable to visit 
these great altitudes, we have to study the electrification of the upper 
atmosphere, or ionosphere, from our position on the earth. 

More than 60 years ago Balfour Stewart inferred from geomag- 
netic data the existence of regions in the outer atmosphere of great 
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electrical conductivity as a source of mognetic and auroral effects 
observed on the earth. Even over 100 years ago Gauss, the outstand- 
ing pioncer in advancing scientific consideration of the earth’s 
magnetic field, referred to this possibility in hia earlier writings. 
Subsequently, such scholars as Schmster, Kennelly, Heaviside, Lo- 
rentz, Eccles, and Lamor took part in the development of the concept. 

The highly electrified regions ontside the earth were agnin sug- 
gested in 1901 in order to explain Marwoni’s success in sending radio 
signals aeross the Atlantic Ocean from England to Newfoundland. 
Prior to Marconi’s proof of the usefulness of radio signals for long- 
distance communication, the public, including the seientists, were 
inclined to ridicule his invention as a new gadget that would be limited 
to communication without wires over line-of-sight. distances only. 
Was it not true that these Hertzian waves traveled in straight lines 
like light? They would go over the horizon and be lost im space. 
Henre, it would not be possible to communicate from one pomt to 
another over the curved surface of the carth. Both Kennelly and 
Heaviside independently suggested that a conducting region in the 
outer atmosphere would be capable of bending radio waves around 
and returning them back to earth. Radio waves travel with the 
speed of light, 300,000 kilometers per second. If the frequency or 
number per second is low, the distance between crests, or the wave 
length, is long; for example, the wave length for 1,000 kilocyeles or 
one megacyele per second is 300 meters. If the frequency is high, the 
wave length is short; for example, the wave length for 15,000 kilocyeles 
or 15 megacycles per second is 20) meters, The short waves vibrate 
more rapidly and have greater penetrating power. 

Tt was not tmtil 1925 that Appleton in England and Breit and Tuve 
in America, using radio waves by somewhat different methods, suc- 
ceeded in directly “seeing” the radio-reflecting region of the outer 
atmosphere. The echo-method technique developed by Breit and Tuve 
for this purpose has now been adopted almost universally. By this 
method « short pulse of radio waves is sent upward and the time meas- 
ured for the echo to return. An equivalent height to which the wave 
would travel can be computed, assuming it to have traveled at the 
velocity of light. The density of ionization which reflects the wave 
at this level Is measured by the wave frequency transmitted. Corre- 
sponding to each wave frequency is a particular density of jons which 
will reflect the wave. 

There has been developed by the Department of Terrestrial Mag- 
netism of the Carnegie Institution of Washington and the National 
Bureau of Standards from thé earlier experimental equipment a s0- 
enlled ionospheric apparatus which produces records atitomatically by 
photographing echoes of vertically directed variable-frequency radio 
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waves, Study of these records soon confirmed the fact that, instead 
of only one “Kennelly-Heaviside” layer, there are several layers or 
stratifications of ionization. | 

Present convention has adopted the term “ionosphere” to include all 
these regions. Low-frequency radio waves penetrate to relatively low 
heights (possibly 60 miles above the earth), These low frequencits— 
or the long waves—include the radio spectrum used by our local 
broadcasting stations. 'The high frequencies—or the short waves— 
are used for international broadcasting over great distances. Higher 
frequency radio waves are-more penetrating and seek greater densities 
of eloctrical charges before being reflected. These may penetrate to 
200 or 300 miles above the earth. Radio waves of still higher fre- 
quencies do not encounter enongh concentration of electrical charges 
in the ionosphere and they may penetrate completely through and be 
lost in space. 

These penetration frequetties measure the apparent height from 
which echoes are received. There are three important ionized layers 
in the outer atmosphere under direct influence of the sun. One is at a 
level of about 100 kilometers, another at about 225 kilometers, and the 
third wt come 350 kilometers. The two upper layers do not exist 
separately everywhere, but merge when the sun is low and form a 
single layer.in the night. At noon the highest layer reaches maximum 
height directly under the sun. The heights of the Inyers are not. con- 
stunt but change with time of day and season, with latitude, and even 
with time along the sunspot cycle. 

Radio exploration of the ionosphere is accomplished by automati- 
cally shifting the wave frequency over a range about 500 to 16,000 kilo- 
cycles per second. An antomatically recorded reference line for the 
surface of the earth provides the base from which to measure heights 
of radio echoes. At wave frequencies up to 4,000 kilocycles per second, 
radio echoes are returned from heights at about 100 kilometers. Frre- 
quencies above 4,000 kilocycles show sudden jump to a higher re- 
flecting region. At greater frequencies the waves penetrate, in gen- 
eral, farther into the rarefied atmosphere until at 12,000 kilocycles per 
second there are no reflections from the ionosphere and the waves pass 
out into space, 

Continuous operation of ionospheric apparatuz reveals that there 
are striking differences between normal day and night conditions. 
In general, the number of electrical charges in the ionosphere builds up 
during the day under the influence of the sun’ rays. During the 
night, when the sun's rnys are cut off, the ionization decreases. There 
are also extensive changes in the ionosphere, from one season to pq- 
other. Complete knowledge of the variations and characteristics of 
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the ionosphere permits interpretations of variations in the earth's mag- 
netism and of radio communications 

The programs of ionospheric research, which are incorporated 
with the other scientific investigations at the observatories of the 

spartment of Terrestrial Magnetism of the Carnegie Institution of 
Washington near Huancayo (Peru), Watheroo (Western Australia), 
and College (Alaska), and of the National Bureau of Standards near 
Washington, supplement our understanding of normal as well as 
ibnormal relationships between the sun and the earth, Among the 
more normal relationships is the effect of sunspots upon the inno- 
ephere. ‘This is illustrated by the average relationship that large 











Frovan mR ke appienr of aonual average sunspot nmmbers with annual average 
electron denwity of Fy-reglon os measured ot local noon, Hoar 
Observatory, Peru. 





numbers of sunspots are in general associated with large numbers of 
electrical charges in the earth’s outer atmosphere. The average an- 
nual maximum density of electrone at noon as mensured in the region 
of the highest Jayer at the equatorial station of Huancayo follows 
the annoal wverages of sunspot numbers—from minimum to maczi- 
mum of sunspots the change of average annual ion density is nbowt 
ond to three, The two lower regions show changes, similar in form. 
but of smaller magnitude, with an increase in density only by some 
§0 percent. The geomagnetic diurnal variation changes in value by 
some 50 percent from minimum to maximum of sunspot activity. 
This corresponds under like conditions to observed changes in ion 
density of the two lower regions, but is greatly different from the 
change of some 300 percent in ion density of the third region. Elvi- 








dently the Inst. is an important. factor im thi peomad VL 
variation. 

Of the abnormal ties between sun and earth, the radio fade-out 1s 
the one outstanding exemple of a direct relationship, namely, the 
observed association of the bright chromospheric eruption on the 
sun’s surface, the simultaneous disappearance of radio echoes, and 
characteristic pulse in the earth’s magnetism. McNish has shown 
that the unique geomagnetic change associated with the fade-out is 
an augmentation of the normal diurnal variation at all places where 
it ia observed. Because the atmospheric region below 100 kilometers 
appears almost solely affected during the fudie-out, it seems probable 
that not only the unique geomagnetic pulse but also the whole diurnal 
variation, of which the pulse is but an augmentation, arises from 
electric current flow ot about these levels, 

Thanks to the extensive network of stations distributed over the 
earth keeping constant watch for these chromospheric eruptions, i 
similar and older network of magnetic observatories, and the chan- 
nels of radio communication, data on these associated phenomena 
accumulate rapidly, Dellinger’s compilation of such data soon 
showed that chromospheric eruptions always accompany fade-outs 
and. the concomitant magneticchanges, The first actual simul- 
taneous observations of a fade-out, a bright eruption in the solar 
chromosphere, and a unique baylike kind of geomagnetic pulse were 
obtained on August 28, 1937, at the Huancayo Magnetic Observatory 
in Peru. Characteristieally the echoes disappeared rather suddenly 
at a level between 70 and 90 kilometers. hie is probably because of 
absorption produced by the intense ionization of this region by the 
ultraviolet light emanating from the solar eruption. 

Another powerful influence upon terrestrin] conditions is the result 
of bombardment of the earth by minute particles which are shot out 
in streams from the sun, This is as though streams of small parti- 
cles ‘were sprayed toward the earth as from a moving nozzle. The 
development of such streams is generally ussociated with large or 
nective sunspot groups. These streams travel relatively slowly and 
normally require about 1 to 4 days to cover the distance hetween 
gun and earth. When they reach the earth's upper atmosphere, 
their effect is felt and observed as magnetic and ionospheric storms 
as well as auroral displays. 

The magnetic storm of March 1, 1941, associated with the passage 
of 4 large active sunspot group across the sun’s central meridian about 
9 days before, gave a typical example of the behavior of the 1ono- 
sphere caused by corpuscular radiation during & magnetic. disturb- 
ance, The ionospheric effect was produced in this case aa 4 result 
of the earth’s bombardment by these solar particles. We may com- 
pare the normal records on the undisturbed day, February 28, 1041, 


REPORT SMITHSONIAN INSTITUTION, 1042 





Piavme 11.—Estahl bilities raz i Enstern 


os ergy 1040, and ndidltlons recommeniled by (aternalineal 


SUN AND THR EAHTH'S MAGNETIC FIELD—FLEMING 199 


with the abnormal! records during the same time on the next day, 
March 1. It immediately appears that the disturbances blew the 
ioncephere out into space—an effect especially pronounced during 
the beginning of gach disturbance, For this case the average density 
of electrical charges during the magnetic storm was reduced to ap- 
proximately one-third of the normal value observed on the previous 
day, 

The nature of the relation between ionospheric and magnetic dis- 
turbances is not yet fully evident. Tonospheric changes apparently 
irise in. part because of ware radiation und in part because of partial! 
(corpuscular) radiation from the sun. This part of the investigation 
of geomagnetism lias only begun. 


Electric currents produced by some natural agency circulate in the 
earth ot all times as was discovered after the introduction of the 
telegraph 100 years ago. These earth currents are closely reluted 
to changes in the earth’s magnetism and bear some relationship to 
polar lights and to certain conditions which affect radio transmission. 
When polar lights appear, earth currents surge to and fro in an 
inustal manner. These surgings often occur even when polar lights 
are not sufficiently intense or extensive to be seen. They occur algo 
in equatorial regions where polar lights are never sean. 

They produce effects, resembling static in radio, which interfere 
with the sending of messages, A study of these interferences as first 
observed by Barlow on telegraph lines in England in 1847 shows 
that they are due to electric currents whieh come from the earth 
and which to some extent are present at all times. 

Most earth-current storms which are observed in the middle lati- 
tudes occur simultaneously everywhere on the earth, and hence 
these must be due to an influence which acts directly upon a large 
part of the earth. From a statistical study, a definite tendency is 
found for an earth-current storm to recur every 27 days—once more 
giving evidence of solar and terrestrial interrelationships, 


RECENT GEOMAGNETIC AND AURORAL DISTURBANCES 


The present cycle of solar and geomagnetic activity has been 
noteworthy because of two of the greatest magnetic <torms ever 
recorded since the introduction of photographic recording in 1859. 
These, as will be seen from tablo 1 of great magnetic storms during 
1559 to 1941, indicate the current cycle as the most active in the 
recorded annals of geomagnetism. 
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The first of the. nine great storms listed is the classic storm of 
August 28 to September 7, 1859, Carrington and Young over 80 
years ago interpreted certain features of that storm as indicating the 
simultaneity of solar eruptions and magnetic disturbances, but this 
opinion was abandoned by other investigators beenuse they looked 
for it in vain in later great magnetic storms. If the radio fade-outs 
had not given such strong evidence of ionospheric disturbances simul- 
taneous with solar eruptions, it is not impossible that the compara- 
tively small, though distinct, terrestrial magnetic effects would still 
have escaped detection. Because of the rarity mentioned, and not 
only for historical reasons, it may be of interest to recall) here the 
original records of the classical case which started the controversy. 

The records for 3 days show comparatively quiet conditions on 
August 30 and 31, 1859, the brief baylike disturbance beginning at 
11* 18", September 1, and the outbreak of the second great storm at 
# 50, September 2, General Sabine stated that “this great mag- 
netic storm, for excessive violence of character and lage’ af dura- 
tion, had never been’ surpassed by ary sanules phenomenon wh 
has occurred in my Jong and varied experienc 

R. ©, Carrington's report ineluded a  ethug awe the large 
spot in heliographic latitude 20° north and near the central meridian 
on September 1, 1859, He noted in particular two patches of in- 
tensely bright and white light of brilliancy fully equal to that of 
direct sunlight. The instant of the first outburst was within 15 
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Fntee 12—(A) magnetograms, 10°1S", Angust 30, fo 10°09", Bapteniber z, 1800 
Kew Maguetic Observatory, England, showing short bay disturbance caused 
by ultraviolet light and lee sinultaneousy with solar fare at 11°15", 
September 1, and beginning, 15 hoare later, of ervat magnetic storm caused hy 
solar corpuscles, (Hf) solace eketeh, September 1, 1500, hy RC Carrington. 
(After Balfour Stewart.) 
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seconds of 11° 18 Greenwich mean time, and Li" 23" was taken for 
the time of disappearance. In this lapse of 5 minutes, the two patches 
of light traversed a space of about 35,000 miles. ‘The magnetic mo- 
tion was in iteelf slight and of o chyracter and magnitude frequently 
recorded. Young express] the prophetic opinion that these solar 
disturbances are “propagated to our terrestrial magnetism with the 
spwed of light” and that the casual relationship is “only in the sense 
that the pulling of a trigger ‘vauses’ the flight of a rifle-ball.” 

Thus, these classical observations could be properly interpreted 
only after the recent discovery of radio fade-out and solar relations. 
They are the first recorded instance of o large solar eruption and i 
simultaneous large magnetic effect Insting le than an hour, pre- 
sumably caused primarily by a transitory increase of jonization in 
the ionosphere due to excessive ultraviolet light, followed after an 
interval of about 18 hours by the outbreak of one of the nine most 
violent magnetic storms observed from 1859 to 1941. 
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Fioves 15.—Wide-range magnetogmm, March 24-25, 1040, Potedam-Niemegk, 
Germany. (After G, Faneeiou,) 





The magnetic storm of March 24, 1040, one of the greatest ever 
recorded, was an event of unusual geophysical interest. This storm 
was accompanied ly auroral displays which, however, were not un- 
procedented, The accompanying disruption of wire communication 
by electric currents induced in the earth produced senseless jumbles 
of letters in teletype equipment, These earth currents were of such 
magnitude that electric power systems were severely affected—the 
first time such effects have ever been reported. The reports of inter- 
ference with power transmission, especially at stations in the eastern 
United States and Canada, were at first doubted by electrical engi- 
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neers and magneticians. However, the accumulated reports indi- 
cating connection between the storm and the power-line disturbances 
proved convincing. The evidence shows that the storm produced 
earth-current gradients amounting to about 10 volts per mile, Thus 
an inereased practical importance of cosmical research in geomag- 
netiem has been shown, for the lengthy observations extending over 
a century supply definite information on the probability of occurrence 
of such storms and therefore on the extent to which it is advisable to 
improve electrical installations to avert their effects. Because of the 
theoretical and practical importance of obtaining complete records 
of the infrequent grout magnetic storms, a number of observatories 
have added Jess sensitive equipment to the more sensitive types here- 
tofore exclusively used. Thanks to these insensitive magnetographs, 
we have complete photographic records of the very great disturbances 
of April 1998, March 1940, and September 1941. 

The great storm of September 18-19, 1941, while not producing any 
great power-line interference, was most remarkable in auroral dis- 
plays over a great part of tho United States. This storm is also of 
interest: in that H, W. Wells, of the Department of Terrestrial Mag- 
netism of the Carnegie Institution of Washington, several days be- 
fore its inception, had formally warned radio-transmission engineers 
that disturbed geomagnetic and ionospheric conditions might be ex- 
pected September 18. He was able to make this prediction through 
close study of daily reports of areas, numbers, and locations of sun- 
spots supplied by the United States Naval Observatory. Following 
several days of slight disturbance, violent fluctuations in the direction 
and intensity of the earth's magnetic field began whout 11 p. m., east- 
ern standard time, September 17. Maximum activity wns between 
Land 3 p.m, September 18. The usual difficulties with long-listance, 
radio, telegraphic, and telephonic communications were ¢xperienced. 

The storm was accompanied by extensive auroral display—an oc- 
currence which one living in our latitude has celdom the privilege of 
seeing. A. G. McNish, of the Department of Terrestrial Magnetism 
of the Carnegie Institution of Washington, who observed the display 
carefully, gives the following account : 

But nature had echedoled ber cholee net for the crvoning bourse. Those who 
watched the evening Sun co down were aware of a strangely persiatent glow in 
the northwestern sky. .As the sky darkened, dietinct raya were visible In the 
northern #ky, brightening, foiling, and continually changing. By 5 p.m. the on- 
(ire sky was filed with rays appurently converging to a point near the zenith 
to produce a vivid coronal formation. Various forms of auroral activity, TayE, 
curtnina, extensive orcs, ood Mickering maya resembling eearehiight of alr 
beacon beama continned nti) almost dawn September 10, Some auroral activity 
was noted during the preceding nnd following nights, neither being comparable 
with the dieplay of September 15-14, 
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Foca 14 —Itecords of manociie Btorm } Beptinbliee 17-18, 104i, 4 and iB) 
Beptember 15-19, M1, Cheltenhurn Maewelie Observatory, Maryland. (Cour 
tesy of 1. & Coast and Geodetic Survey.) 


The coronal dieptay was visible simultenecusly In widely separated parts of 
the country. To all observers overywheroe the rays seemed to converge toward a 


pelot alightty eouth of the oenith Actually, of couree, there was no con- 


vergence, The particles shot off from the Aun, being electrically charged, cin 
not freely cross the Barth's magnetic field and must travel to the direetion of 
the magnetic tines of foree At Washington, the lines of force are tilted about 
20° eouthward from the vertien! while farther north the tilt is less, ‘Thos oll 
ubgervers were view!lng a bundle of closely parallel raya, extending tons ofr 
hundreds of miles upward in the rarefied utmosphere, ond appearing to con 
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rarge toward what is called the magnotic zenith Juet as railroad tracks appeir 
to converge toward a polst on the horizon, 

Photographers in Leng Island and New York State obtained 
negatives, and through their courtesy I am happy to exhibit copies 
which fully justify Mr, MeNish’s account as regards brilliancy and 
variety of the auroral activity, 

The bright chromospheric eruptions in sunspots photographed in 
the light of luminous hydrogen vapor show the bright eruption start 
ing on September 17 at 6:26 a. m. Pacifio standard time, and the 
greatly increased brightness of the eruption 10 minutes later. 


COSMIC-RAY RELATIONS 

A connection between geomagnetic ond cosmic phenomena has 
recently been discovered—the world-wide decrease in the intensity of 
cosmic radiation during great magnetic storms, Although such on 
effect was predicted over 6 years ago, observational verification was 
not achieved until the occurrence of the great magnetic storms of 
our present sunspot cycle: The-effeet was noted by Forbush during 
the great storms of April 1937, March 1940, and September 1941 
Since the magnetic moment of the earth increases during the main 
phase of a magnetic storm, » decrease of coamie radiation during that 
time is to be expected on the basis of the well-established variation 
of coamic-ray intensity with geomngnetic latitude. 

The superposed-epoch method ts useful also to show correlation 
between cosmic radiation and the geomagnetic field. Time variations 
of evsmic-ray intensities, whose origin probably is deep in space, are 
now measured to within « fraction of 1 percent. This made possible 
n real comparison with geomagnetic changes by Broxon in 1941, Ho 
showed the simultancous average variations of cogmic-ray intensities 
and of international daily magnetic chasucter figures by superposed 
epochs of supernormal and subnormal cosmic-ray intensities, The 
cosmic-ray Intensity is practically always lower for the five interna- 
tional magnetically disturbed days than for the five international 
magmotically quiet days of each month, These resulis confirm the 
inverse correlation between cosmic rays and ‘magnetic disturbunces 
as previously shown by Forbush, 

The 1314,-day and 27-day waves in cosmic-ray intensity are closely 
associated with those for character figure and magnetic horizontal 
intensity. ‘This directs attention to a possible means by which cosmic- 
rny data might serve to establish the existence of a general solar 
magnetic field. 





LABORATORY APPROACH 
Moat recent of promising attacks on the many problems indicated 
abdve is in the laboratory through investigation of the laws govern- 
ing the interaction of the magnetic particles composing all mutter. 
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All the actions and reactiong in the world of pliysical things 

expressions of three fundamental forces—gravitational, slectromag- 
netic, and nuclear, All three may ultimately be reduced to different 
aspects of the same all-pervading, all-inclusive type. Perhaps some 
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Fritax 15—Dally means of cosmic-ray intensity and goomngnetic ag 
force component, showing effect of geomagnetic storm uf April 
on commlc-ray Litensity, 


obscure atomic effect of the extremely high pressures of the centers 
of such bodies as the earth and the sun may be the cause of their mag- 
netization, Therefore, experimental studies of nuclear physics 





the cyclotron and at high pressures may give better undérstanding 
of relations between the constant generation of subatomic forces in 
the <n and their terrestrial effects. 


CONCLUSION 


through the use of high voltages with the electrostatic generator and 


Tn conclosion, may I hope to have left with you some impression of 
the interrelationships between the ever changing but quiet variations 
of the earth’s magnetic fold and the swirling, tumultuous events ont he 
cun, ‘These interrelationships have made possible the electrical ex- 
ploration of the high atmosphere far above the limits accessible to air- 
craft. Less than a decade ago this was thought to be beyond human 
attainment, and hopes of such exploration forecas by Balfour 
Stewart, Kennelly, and Heaviside existed only in the speculations of 
intrepid, persistent scientific investigators. Another great step hns 
thus been taken toward definite knowledge of the intimate relations 
between the earth and the sun which play so material a part in our 
lives. Upon that step even now plans ore rapidly developing for ac- 
curate magnetic exploration at equally great heights to supply the 
third dimension of the geomagnetic field so Jong sought to aid in the 
explanation of the origin of that field, 

‘Today geomagnetiam maintains its key position as a thriving 
branch of geophysics, not only because of its own intrinsic interest, 
but mainly beeatuse geomagnetic conditions give a complete, a faithful, 
and an intelligible record of thove mighty solar and cosmical influences 
to which the earth and its inhabitants are subjected. Wo may well 
agree with the recent statement of an eminent scholar of earth pliysies 
that “as in all branches of science where growth is active, we are only 
partly satisfied with the new knowledge gained; long vistas of unex- 
plored territory invite us onward to “fresh fields and pastures new,” 
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ULTRAVIOLET LIGHT AS A SANITARY AID? 





By Lovie Gmamorrcn, 5 Se., P. Di, Ph ML, D. Be. 
Professor of Bacteriology and Hygiene, Phitadelphia Cotiege of Pharmacy 


Man always has been interested in keeping healthy. When germs 
were found to be responsible for the causation of many diseases, vari- 
ous methods were attempted to eliminate these agents detrimental to 
our health. Of the natural agencies associated with health and clean- 
lines, sunlight has been regurded by the majority of persons as the 
mist beneficial. The heretic Pharaoh Tkhnaton more than 8,000 
years ngo insisted that the sun is'God and it is the only source of life 
and goodness) Herodotus, the prominent Egyptian physician, some 
500 years later stated that sunlight is required especially for people 
who need restoration of muscular energy. The use of sunlight asm 
weapon in the treatment of disease is to be noted and can be traced 
throughout the ages. After our knowledge concerning bacteria and 
other microorganisms increased and their relationship with disease 
was proved, physicians advocated the use of sunlight in many diseases 
and for the destruction of all) organisms. 

It was about 65 years ago, in 1877, that Downes and Blunt first 
showed that sunlight killed bacteria. They demonstrated that expo- 


cure of putrescible fluids to direct sunlight in the presence of air would 


stop all growth. ‘Ten years later, Roux confirmod these findings and 
showed that anthrax spores were destroyed by exposure to the direct, 
rays of the sun. In 1892, Ward, using natural sunlight, demonstrated 
by actual tests that the actinic rays were regponsible for the destruc- 
tion of anthrax spores. About the same: time! and since then various 
workers reported that ultraviolet light possessed a germicidal effect. 


In 1908, Barnard and Morgan noted that the icidal action of 


sunlight is limited to certain of the sun’s rays. Later these same 
workers, using the spectra of carbon and other artificial sources of 
light for obtaining ultraviolet rays, were able to kill anthrax spores. 


1 One of the Popular Selence Lactares, defivered at the Patiadelphia College of Pharmacy 
and Hetence during the 140 Sertes, Reprinted by permiusion from The American Journal 
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Within the past decade the susceptibility of microorganisms to ultra- 
violet radiation has received renewed attention. 


FORMS OF RADIANT ENERGY 


What is ultraviolet rudiation and what has this to do with sun- 
light? ‘The visible spectrum was discovered in 1665, This visible 
spectrum which was thought to be one band of light, colored white, 
was found to be in reality a combination of many different colors of 
light. You know what happens when a beam of clear bright sun- 
light strikes a suitable prism or if you gaze at the rainbow in the sky 
where Nature performs the experiment, you observe tiny drops of 
moisture present in the air acting as prisms breaking the white ray 
vf sunlight into many visible colored reys, red, orange, yellow, green, 
Lilue, and violet. In addition to these bands of visible radiation Lhere 
are other rays emanating from the sun which are invisible to the 
human eye. Some known ss infrared rays are invisible, but this ra- 
diation is detected Ly the heat produced. Others spoken of as ultra- 
violet rays, also ore invisible; this form of radiant energy ts not de- 
tected by any of our senses, although vome of the effects produced 
subsequently may become apparent, ‘These three forms of radiation, 
one visible und the other two invisible, all emanating from the sun, 
differ in the lengths of their waves, ‘The ultraviolet rys aré the 
shortest: the visible light rays are longer; and the infrared waves are 
tin lonpest. 

The unit of measurement in microscopy is the micron which js 
equivulent to 1/25,000th of an inch. Wave lengths of light rays are 
iuwasured in terms of Angstrom units. An Angstrom unit is 
L/10.000th of a micron; in 1 inch there are 250 million Angstrom 
units. The visible light is subdivided into colors of the spectrum 
by the energy of different wave lengths of an approximate range 
from the red, 8000 Angstrom units, to the violet, 4000 Angstrom 
unite, To be exact, the longest visible rays, the red, have a length 
of 7610 Angstrom units: and the shortest visible rays, the violet, 
have a length of 8970 Angstrom units or approximately 1/63,000th 
of an inch. The infrared rays, which are heat rays, are longer than 
the red and the ultraviolet rays are shorter than the violwt. 


The ultraviolet portion of the spectrom consists of wave lengths 
which extend from a range of 4970 Angstrom units to about 1000 
Angstrom units, By passing a beam of ultraviolet light through a 
quarts prism, this can be subdivided approximately into three divi- 
sions, the far ultraviolet rays (1000 to 2000 Angstrom units), middle 
ultraviolet (2000 to 8000 Angstrom units), and near ultraviolet (3000 





ULTRAVIOLET LIGH 211 


to 4000 Angstrom units), In another more convenient breakdown, the 
ultraviolet spectrum is divided into four parts, the divisions or classes 
being based upon the use of these specific radiations or so divided 
based upon their principal effects. From 1000 to 2000 Angstrom 
unite are radiations which form a toxic gas, ozone, the so-called oxone- 
forming ultraviolet radiations, In the range from 2000 to 2000 
Angstrom units are to be found radiations whieh are effective in 
destroying germs. In tho range from 2900 to 8300 Angatrom units 
are to be found the “biologivally ofwctive” radiations, those prodic- 
ing sunburn; and because they also are useful in setivation of vitamin 
D, they sometimes are called the antirachitic ultraviolet radiations. 
In the range from $300 to 4000 Angstrom anits or the region ¢losest 
to the vieible gpectrum are to be found radiations waeful for their 
iorescent display and of vali in some types of photography. These 
divisions are not very sharply defined; they frequently merge and 
often actunlly overlap considerably. However it is important to note 
that the chemical and physiological actions of these rays depend 
upon the length of the waves making wp these different radiations. 
TRANSMISSION OF ULTEAVIOLET LIGHT 

Before considering the value of ultraviolet light as a sanitary tool, 
there are other considerations which should be directed to your 
attention. All rays of the sun pass through the atmosphere before 
they reach the earth. The ordinary atmosphere will allow the pas- 
sage of infrared rays and the rays of the visible spectrum, Most 
ultraviolet rays from the sun, however, fail to reach the earth. Ac- 
tually the ir acts as a differential filtering medium holding back 
imainy rays. In most places radiations shorter than 2900 Angstrom 
units never penetrate to the ground; in fact the shortest to reach 
ng is usually from 2950 to $100 Angstrom units in length. Less 
than 0.1 percent of the total radiations from the sun is tn the form 
of ultraviolet. rays and almost all of the latter are longer than 2900 
Angstrom units, Furthermore only the long ultraviolet rays will 
pass through ordinury window glass. While the latter is trans- 
parent to the visible light ruys, it is opaque to light of wave lengths 
shorter than $100 Angstrom units. You will note from these observa- 
tions that sunlight reaching us therefore is most frequently devoid 
of an active germicidal effect and that is especially the case of sun- 
light that has passed through an ordinary pune of window glass, 
On the other hand, o special type of commercial ginss, and in par- 
ticular quartz, allows the passage of ultraviolet light possessing wave 
lengths shorter than 2900 Angstrom units. This ic of paramount 
importance in sanatorin and nurseries, where it becomes necessmry 
to use glass of special composition instead of the ordinary window- 

c01hn1—42—15 
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pane glass so 18 to transmit into the interior biologically active mays, 
and in the mannfacture of equipment to be used for an artificial 
source of ultraviolet light. Furthermore most ultraviolet light is 
absorbed by thin layers of fluids containing proteins or turbid mate- 
rial, by Inyers of oil and grease, and also by tissue cells, Tissue is 
not penetrated more than 1 millimeter (0.099 of an inch) in depth. 
Very chort wave-length radiations are absorbed by air in the produc- 
tion of ozone. These facts must be eonsidered in the practical tse 
of ultraviolet light as a bactericidal agent. 


Artificially generated light is just as effective as the corresponding 
rays of sunlight that possess the same wave lengths or the same in- 
tensity. ‘The source of ultraviolet light has very little influence 
upon the result, providing the wave lengthe or intensity are identical. 
The sun, the natural generator of ultraviolet light, 15 not always 
available. Even when available the natural germicidal ultraviolet 
rays cannot be harnessed conveniently to be supplied to envirot- 
ments not reached by sunlight. It therefore became necessary to 
provide some means of urtificially generating ultraviolet light so #5 
to muke it available whenever and wherever needed. When investi- 
mitors, especially during the past two decades, reported marked de- 
structive offects of different microorganisms by controlled laboratory 
tests using special artificially generated short wave lengths of ultra- 
violet light, the latter was hailed as the idea) sterilizing agent and 
‘ts nse waa advocated far and wide. As in other similar cases, not 
recomnizing that its application is bounded by distinct limitations, the 
use of ultraviolet light was soon discarded owing to its ubuses, and 
also to the fact that many of the ultraviolet generators available 
were not only expensive but produced radiations which were un- 
suitable as germicidal agents. 


After several years of careful research und extensive experimental 
work, Dr; Harvey C. Rentschler, engineer and research director, 
Dr. Robert F. James, bacteriologist, and other workers associated 
with Westinghouse Lamp Division succeeded in designing equip- 
ment for ultraviolet radiation which is inexpensive and overcomes 
most of the objections made against other previously introduced 
ultraviolet generators, The radiations produced by the latter were 
found to cover broad rather than selective bands of wave lengths, 
which were found to be most effective az germicidal agents. In 
many of the generators used previously, an appreciable amount of 
infrared raya was generated, resulting in the production of high 
temperatures duritg operntion. Such operation in refrigerated com- 
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partments was costly and not practical. To keep the hent directly 
from the muterial being treated, the generators had to be placed nt 
relatively Jong distances from them, resulting in a marked decrease 
‘n the effectiveness of the shorter and highly germicidal radiations. 
In other types of generators, there was a large output of high con- 
centrations of ozone and nitrous oxide, which were objectionnble, as 
they affected humans and inanimate objects being treated. The 
newly introduced equipment or so-called ultraviolet lamps have 
evolved from 4 careful segregation of different wave lengths and 
the elimination of other short-wave radiations that are valueless a5 
bactericidal agents and even undesirable. 

By « simple and rapid method for measuring ultraviolet radia- 
tion, a better understanding of the action of short waves on perms 
has become possible. In fact it was fourid that radiations ar short 
waves generated at the 2537 Angstrom unit region of the spectrum 
possessed the greatest sterilizing or germicidal power. The intro- 
duction of this new equipment with an effective ultraviolet lamp and 
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the practical application of selective bactericidal ultraviolet waves: 


or radiations developed into a process known by many as the rent- 
schlerizing process or rentschlerization. ‘These terms are taking thoir 
place today with the term “nasteurization” named after Pasteur, o 
process in which moist heat is used to render disease-producing bac- 
teria innocuous. 


Many of you are familiar with or have seen sun lamps or 50- 
called health lamps. These sun lamps generate waves or radiations 
which vary in-length from 2800 to 8200 Angstrom units. Accordingly 
they supply only long ultraviolet waves and practically of the same 
intensity as we get from sunlight under ordinary conditions. In fact 
the glass used in sun-lamp bulbs will not allow the passage of rndia- 
tions of wave length shorter than 2800 Angstrom units. Sun lamps 
therefore do not transmit ultraviolet radiations which are germicidal, 

The effective riltraviolet lamps used today to generate radiations 
of value for the destruction of bacteria depend upon a carefully 
planned type of vapor source, emitting controlled and selective bac- 
tericidal ultraviolet radiations. They consume a minimum amount 
of power and radiate a minimum amount of heat energy. They are 
almost identical in operation with the fluorescent lamp, except that 
fluorescent powder is absent. As the current flows from electrode to 
electrode through mercury vapor (to which other gases are frequently 
added), very little visible light is produced, but most of the output of 
its energy is concentrated nt the 2587 Angstrom regian of the spec- 
trum, At least 80 percent of the radiant energy is crowded Into ultra- 
violet radiation at this region which provides the most effective germi- 
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cidal effect (2537 Angstrom units). In the ease of a fluorescent 
lamp, the powder present on the inside is activated and fluorescence. 
is produced. In the ense of the ultraviolet lamp, the ultraviolet 
radiations generated pass through a special type glass used in making 
the lamps. This gisss is purposely chosen as it will allow the passage 
of the selected waves of ultraviolet radiation of greatest. germicidal 
power and at the same time absorb most of the objectionahly ultra- 
violet wave lengths in the ozone-producing region. The low vapor 
pressure ond low current density in the Immp also reduce to a min- 
imum the radiations emitted in the visible spectrum. Ultraviolet 
lamps radiate energy of wave length ranging from 2000 to 2800 
Angstrom units and, as mentioned previously, most of the radiations 
are 2537 Angstrom units in length. Tnasmuch as most of the radia- 
tions are not visible, individuals are prone to forget that ultraviolet 
lamps when operated should not be viewed by unprotected eyes for 
long periods of time or especially at close range, as a conjunctivitis 
may develop. 

Equipment provided with suitable ultraviolet Iamps has ‘bean 
designed to fill practically all needs: These lamps are marketed 
under different trade names, among the latter being the Sterilamp, 
Germicidal Lamp, Safe-T-Aire Lamp, and the Saniray. Tho 
lampe are designed usually to operate on alternating current through 
a low-capacity transformer. If only direct current is available, a 
converter unit is necessary. Several lamps, wired in series, never 
in parallel, can be operated from one transformer. The limps are 
lighted on the turn of the switch. Other than keeping them clean, 
there is no more attention required than is necessary for an électric 
buib. ‘These Jaropa are available in different sizes for use in all kinds 
of fixtures, a fixture and ultraviolet lamp being a complete unit in 
itself, After long use and even at low temperatures, the lamp may 
chow some discoloration, the latter in turn absorbing some of the 
ultraviolet rays. Ultraviolet lamps have a more-effective life when 
operated at temperatures above 40 degrees F. Under average con- 
ditions of use, they will operate for many thousands of hours, giving 
continued service for at least 6 months (4,500 hours) before re- 
piacement becomes nevessary, 








You are familiar with the term “sterilization” which, speaking 
broadly, refers to the destruction of every form of life, visible or 
invisible, harmful or innocuous, The term “germicide,” referring to 
agents which kill germs, is used synonymously with the term “bac- 
tericide” signifying only those agents which destroy bacteria, The 
term “pasteurization,” previously mentioned, refers to a process which 
eubjects products affected by heat to temperatures sufficient to destroy 
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certain germs, especially those mubsdun Giocanl and Silcebomt 
total numbers of all forms of life present, without damaging the 
product under treatment. Pasteurization doeg not kill all germs and 
accordingly does not effect a complete sterilization. 

Ultraviolet light ae commonly used does not render materials sterile, 
The term “sterilization” is used incorrectly when applied to the use of 
ultraviolet light, since the complete. Jestruction of all forms of life is 
rarely attained by its application im practice. _ ona this is 
never sought, and in fact from a sanitary viewpoint 3 is not necessary. 
Ultraviolet radiation, when used, is employed to reduce the total germ 
content and especially for the destruction of those organisms causing 
disease or capable of decomposing materials. It is not practical to 
effect complete sterilization, Tt is on this account that for want of 
more snitable terms the words “sanitize” and “sanitization” have been 
advocated in. place of sterilization and disinfection. Sanitization 15 
that process which renders materials free of organisms that produce 
disease, or are capable of decomposing substances, or which are indica- 
tive of insanitary conditions, The term describes more satisfactorily 
the action of ultraviolet. radintion and has come into use especially 
when the latter is employed as a sanitary aid. 











FACTORS CONCERNED [IN EFFECTIVE RADIATION 


There is a variation in the apparent sensitivity to ultraviolet radia- 
tion not only by different species of organisms but this variation is 
found in the same species at different stages of its life cycle. The thick- 
ness of a layer of organisms to be radinted and the fact that mndividtals 
in a clump may shield others from railiation are to be considered. 

The amount of water vapor present has an influence on the effective- 
ness of ultraviolet radiation. At ordinary room temperatures, much 
more radintion is required to destroy germs at a high humidity than 
at a low humidity. 

The action of ultraviolet light is practically a surface action. It 
possesses only very slight penetrative powers, Radiation therefore 
must reach oll surfaces to be effective. In order to maintain proper 

intensity, lamps should be cleaned, an regular and thorough cleaning 
of materials and environments a eR r practical will be most helpful, 

The intensity is influenced by the distance that the surface to be 
treated may be from the ultraviolet radiations. The distance and the 
lime of exposure are important factors to be considered at all times 
when using ultraviolet light for the destruction of germs. An indica 
tion of what this means is to note that o 30-inch lamp generating 
mainly 2537 Angstrom unit wave lengths will kill almost all of the 
commonly observed non-spore-forming bacterin within 1 minute, when 
at a distance of 1 foot, but it will require 4 minutes tf at a distance of 
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$ feet. In like manner, radiation of 3000 Angstrom units will require 
six times asmuch energy to be as effective as radiation of 259) | 
strom units. 

Radiations travel in straight lines. It may therefore be neceseary 
to add reflectors to equipment, but it is important that the reflectors 
are made of material which will absorb but a minimum amount of 
the rays. In other instances, especially on exposed foodstuffs, the 
proper ratio of wave lengthe between 1000 to 2000 Angstrom units 
present in the lamp will convert the oxygen of the sir into ozang. 
The latter, a germicidal agent, will diffuse and reach areas inaccessible 
to the radiations. In the concentrations present we do not encounter 
the objectionable features noted when ozone as the sole effective dis- 
iN Yl agent must be present in the high concentrations usually re- 
quired. 

In pencral it can be said that properly designed ultraviolet Iamps 
from which 2687 Angstrom unit wave lengths radiate are available 
to be used under conditions as advised by engincers. These lights 
have been found satisfactory in practice after thousands of experi- 
ments. Where special occasions arise it may be advisable to deter- 
mine beforehand the necessary electrical characteristics and materiale 
of construction required, 

The use of properly constructed ultraviolot equipment will supply 
a tool which will be a valuable sanitary aid, One may work freely 
within the radiated spaces and experience no ill effecta, It is ad- 
visable to wear eye shades or shaded glasses when work ig to be 
carried on at close range or for long periods of time, Imperfect: con- 
trol or overdoses will not produce any poisonous byproduct and will 
not impart toxicity to the substance or material under treatment. 


APPLICATION 


The use of ultraviolet light of proper intensity, anuther great ecien- 
tific achievement, ia now available as m practical sanitary aid with 
widespread applications, Equipment, designed and installed at low 
cost, can be adapted fora great diversity of uses. It will be impossible 
to consider in detail the wide opportunities for its many applications 
and the conditions under which it can be and is used, Important facta, 
however, will be presented revealing its efficiency in certain fields; and 
in. other instances, attention will be directed merely to many other 
uses to which this process can be and is being applied. 
















Bacteria and other microorganisms are present in the air and at- 
mosphere. The lntter serve as transporting agents to enable the organ- 


lms to gain access to a more favorable environment, ‘The kinds and 
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Noon bers of microorganisms in the air yary in different environments 





and in the same environment at different periods, but certain forms are 
generally present. Molds, yeasts, and spore-bearing bacteria, all of 
which may be non-disease-producing, are rather common. Air laden 
with excessive nmounts of these organisms may be responsible for the 
contamination and spoilage of foodstuffs and different products, Most 
disease-producing bacteria are not found in the air under ordmary 
conditions as in the home, or in the average working plant. How- 
ever, under appropriate conditions, especially indoors or in enclosed 
spaces, disease-producing bacteria may be found in the air of such 
environments: They may remain viable for considerable periods 
of time, even drift around in the sir currents, and thus constitute 
a hygienic or sanitary hazard: The elimination of such hazards 
especially in hospitals and other institutions has been of great con- 
cern to everyone. 

Workers in all branches of science have been constantly at war 
with another kind of enemmy—small invisible foes that are lurking 
constantly in the atmosphere, The control of the sanitary quality of 
the air in environments where foodstuffs and other products are proe- 
essed] or stored, by means of ultraviolet light, which are death rays to 
these invisible foes, has reduced markedly spoilage losses, ‘This came: 
weapon, made available easily and at all times, has supplied another 
invaluable tool for the continued battle against those small invisible 
and undesirable organisms which cause all kinds of seourges and are 
ever ready to attack us from impenctrable ambuseades. 


PRACTICAL AIR SANTTATION 


Hospitals—Anyone who is familiar with the history of the be- 
ginning of modern aseptic surgical methods will tell you about Lis- 
ter’s technique in which he attacked the problem of bacteria in the 
air by wing a carbolic acid epray before and during operations a5 a 
means of killing all, or at least decreasing the content of, the disease- 
producing bacteria in the atmosphere and thus reducing the number 
of euses of postoperative infection. Sprays, because of the difficulty 
of providing practical means of application, however, were not 
found to be very effective: The introduction of air-filtration processes 
and modern air-conditioning systems has not proved to be adequate in 
all instances, These measures, however, wided by ultraviolet light 
or the Iutter by itself, applied continuously in operating roams have 
resulted in an almost. complete elimination of wound contamination 
from air-borne bacteria. This changed condition has brought about 
an improvernent in clinical resulte that is agreeably surprising, 
Wound healing has been more rapid and with less reactions. The 
general postoperative condition of patients has shown marked im- 
provement. Tlie fatality rate has been cut in half through the elim- 








218 ANNUAL HEPORT SMITHSONIAN INSTITUTION, 10942 


ination of cases of severe wound infection which was frequently fatal, 
Tn operating rooms where ultraviolet light is properly installed, the 
greatest amonnt of air in such rooms comes under the continuous 
direct action of the rays, Sterilized instruments and other equip- 
ment, dressings, bandages, and other materiale can be kept sterile 
by econtinuons ultraviolet irradiation of the air in contact with such 
materials, This method is need in hospitals, in the private offices of 
physicians and dentists, by barbers and beauticians, and others, 

In nurseries, in cubicles, in children’s wards, better air sanitation 
and reduced risk of cross infections have resulted from the use of 
ultraviolet light. In many instances, the nitraviolet rays have been 
properly placed across the entrance to cach cubicle or small room. 
Such a barrier or curtain of ultraviolet light has aided in preventing 
the spread of nir-borne bacteria. Properly engineered installations 
will mean normal and comfortable air currents free of disease-pro- 
dancing bacteria, which will pass through doorways or corridors or 
from ward to ward, and will eliminate the danger of cross infection 
or of transporting infectious organisms from one patient to another. 

Not so mony years ago, fumigation, was n commonly practiced 
procedure. Rooms and other quarters which had been occupied by 
patients with contagious diseases were treated with formaldehyde 
and other suitable guses, but this method as a ganitary nid was dis- 
eomtinued because of its inefficacy. Other techniques for the dis- 
infection of such environments have been used, but all of them are 
costly or time consuming, or there are other reasons for seeking «a 
more satisfactory procedure, Ultraviolet irradiation is being used in 
various contagious-diseasa hospitals as a valuable aid in the prepara- 
tion of hospital rooms, not only to reduce the length of time of prep- 
aration and thereby increase the Jength of time of occupancy, but 
alee to prepare rooma with an atmosphere low in the content of bac- 
teria and certainly lower than was previously possible. 

Hospitals are experimenting with ultraviolet irradiation in 
quarters other than mentioned above, as in kitchens, on conveyors 
nee food trays, in corridors, waiting rooms, clinic rooms, dis- 
pensaries, eXamining rooms, incubutor rooms, nurseries, isolation 
want, etc, The experience: of the management in the foregoing 
will make ovailable in the near future more data concerning this 
viluable sanitary eafecuard. There are some physicians and dentists 
who are using ultraviolet irradiation in the waiting rooms of their 
private offices. Solaria, children’s homes, and other institutions also 
are utilizing this new tool. 

Air-conditioning systems—Modern air-conditioning systems pro- 
vide air which is at the proper humidity and desired temperature, is 
practically free of dust and dirt, and is low in its bacterial content. 
In these systems there usually ia a recirculation of the air in the 
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quarters supplied, Most of this recirculated air before treatment is 
contaminated with bacteria, The proper installation of ultraviolet 
radiation in air-conditioning ducts is practiced commercially for the 
destruction of bacteria, By this method nothing is added to the air 
nor is anything which is desirable removed. Not only office, apart- 
ment, and other buildings, but many railroads are now using ultra- 
violet irradiation in combination with air-conditioning units so a2 to 
control better the sanitary quality of the air supplied. This supple- 
ment perfects air conditioning, for air sanitation joins the physical 
comforts offered by the latter, We can expect more and more stores, 
theaters, restaurants, other public places, and private liomes to have 
this new type of installation added to their quarters. 

Manufacturing plants and testing laboratories—In pharmaceu- 
tical, chemical, and biological laboratories where in the manufacture 
of various preparations, especially serums, vaccines,and other sterile 
medicaments, it is important to obtam a sterile end. product for 
marketable purposes, ultraviolet rays employed during all or many 
of the stages of processing such preparations, by eliminating air 
borne bacteria, have proved to be « valuable aid in avoiding posuble 
contamination, In the preparation of ointments, cosmetics, and 
other pharmaceuticals, the keeping qualities of these preparations 
are reduced anid Josses result because of spoilage due to the develop- 
ment of fermentations by yeasts and other bacteria or by growths 
of molds and fungi. ‘The use of ultraviolet irradiation to maintam 
bacteria- and mold-free conditions in the air during the processing 
and at the same time wherever possible to sterilize the surfaces of 
jure and other containers subject to contamination has resulted in 
prolonging the life of these preparations, 

Tn testing laboratories, where all kinds of materials are examined 
to determine whether they are sterile or to note the bacterial content, 
it is most important that all precautions be taken to eliminate con- 
tamination during the period when the materials are removed for 
the tests to be made and subsequently when examinations are con- 
ducted. Aseptic conditions throughont are absolutely essential, Air 
borne contamination is the dread of all workers who do culturing 
and conduct other bacteriological examinations. The use of selected 
ultraviolet radiations is a valuable addition in combating possible con- 
taminution during such testing, Suitable equipment has been de- 
signed for a portable ultraviolet unit which can be moved easily at 
will to any quarter and irradiate effectively areas of definite cubic 
contents, 
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‘SANITATION IN THE FOOD AND BEVERAGE INDUSTRIES 

A large number of installations of suitable equipment radiating 
the selective bands of ultraviolet rays have been in operation in all 
kinds of food establishments and bottling plants and have demon- 
strated their effectiveness and value. Important considerations are 
presented. 

Meat industry —Fresh meat composed of nutritive substances and 
approximately 80 percent water, an idea) environinent for bacterial 
and mold growths, wiil spoil unless jt is kept properly. The com- 
monly practiced method of preservation is to place such meats under 
suitable refrigeration or to keep them in properly operated cold- 
storage plants. But even under the most ideal conditions, physical 
and chemical changes occur, Eyaporation éccurs and there ig @ ma- 
terial shrinkage, resulting in a reduction in weight which frequently 
is an appreciable percentage loss. Certain types of bacterin and 
molds develop even at the low temperatures used. They produce 
slime and coatings which affect the odor and flavor and cause a change 
of the natural color. It therefore becomes novessary to trim the meat 
and to wash and clean the surfaces to remove the growths and avoid 
an impairment in flavor, color, and odor. The resultant financial 
losses are self-evident, The presence in walk-in refrigerators, cold- 
storage rooms, display boxes and cabinets of properly installed equip- 
ment radiating the selective bactericidal ultraviolet hight and 
containing low concentrations of ozone (not more than 0.1 percent) 
has provided a means of reducing the losses and muking available 
more satisfactory and more salable ments for human consumption. 
Irradiation is snid to produce a very slight surface coagulation which 
does not affect the color, taste, or odor, but it does cause a reduction in 
the evaporation and subsequent shrinkage. Some workers claim that 
ultraviolet light as commonly used does not coagulate the surface of 
the meat, but admit that owing to the sterilizing effect, an additional 
saving restilts, The humidity can be increased in the cold environ- 
ment to 85 or 90 percent, wheres in the cold-storage systems in pres- 
ent-day services without irradiation, it ranges from 60 to 75 percent. 
The properly engineered installations provide for the destruction of 
bacteria and molds not only on the surface of the meats but in all 
parts of the cooler ineluding the air, cviling, walls, etc. ‘The reduction 
of bacterial and mold growths reduces to a minimum the necessity of 
trimming, and especially deep trimming, with its resultant waste, 
and the production of bad odors, flavors, and objectionable appear- 
ances. Ultraviolet light properly used for meat, whether in the large 
walk-in refrigerator, the refrizerated freight car, the small cooler, 
or the refrigerated display vase or cabinet, will produce an all-round 
better and more sanitary product, and obviously at a reduced cust, 








The Tendoray Process, developed by workers at The Mellon Institute, 
which has for its purpose the tenderizing of meat, utilizes ultraviolet 
light for inhibiting mold and bacterial growth as an essential part of 
its operation. 

Baking and dairy industries —The bugaboo in the baking plant 
is mold growth. ‘Throughout the entire processing conditions are 
ideal for the development and proliferation of molds of all-kinds and 
objectionable yeasts: In the marketing of the finished product, 
whether bread or eakes, you have in most instances fresh moist nutri 
tive materials which also lend themselves for the development of 
objectionable yeasts and molda from yeast and mold spores in the air 
and from other sources which may find their way in or on the bread 
or cakes. Many of the large baking establishments were among the 
first to introduce ultraviolet radiation in their plants. Their products 
are kept under the protecting rays coming from suitably installed 
equipment throughout the entire processing and especially from the 
moment they leave the oven until they are packaged. Conveying, 
cooling, slicing, and wrapping are conducted under proper irradiation, 
which even renders wrapping material free of contamination by unde- 
sirable yeasts, molds, and bacteria, Not only are the air and the plant 
equipment that comes in contact with the product continuously irradi- 
ated, but the destruction of undesirable yeasts and molds on nuts, 
raisins, and other ingredients added to bread and cakes is effected by 
treatment with ultraviolet light. This important snnitary aid hos 
improved the keeping qualities of these products eo that they can be. 
kept in a cafe and usable condition for longer periods of time in the 
tsual channels of distribution and after they reach the consumer. 

Many uses of ultraviolet irradiation have evolved and are evolving 
in the dairy industry. Its use in dairy barns for keeping cterile dairy 
equipment during storage, and in plants proper in the storage and 
cooling rooms, im vats and coolers, in storage and tank trucks, and 
over milk-bottle conveyors to insure freedom from contamination after 
the bottles leave the washing and sterilizing machines until they are 
filled with the milk has resulted in « marked reduction in contamina- 
tion. Similar reduction and resultant financial savings have been 
effected in the processing and packaging of butter, cheese, and other 
dairy products. 

Other foods and beverages —Ultraviolet light is being used as a 
sanitary aid on the farm in poultry houses and in incubator rooms 
In the marketing of preserves, when glasses and other containers of 
jellies and jams are allowed to cool before they are capped, contami- 
nation and subsequent spoilage may occur. The use of irradiation 
during the cooling operation eliminates contamination to a large 
extent. Similar application is made in food plants marketing salad 
dressings, in the frozen-food industry where fruits, vegetables, fish, 
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and other products are treated with ultraviolet light before they are 
frozen, and in the packing and storage of fruits and vegetables, the 
latter being passed under a hank of effective rays and then wrapped 
or packed or stored in an environment where the rays are present. 
The beverage industry also is utilizing this new sanitary aid. Dac- 
teria and molds may affect the flavor, oder, and appearance of bottled 
drinks: To eliminate such contamination or at least to keep these 
objectionable invaders at a minimum content, ultraviolet light is being 
used in the syrup vate and other tanks, over the bottle conveyors, for 
treatment of bottle caps nnd stoppers, and throughout the plant in 
general. A possible future application of this process isin the brew- 
ing and fermentation industries, In the manufacture of beer, wine, 
and other aleoholic beverages, there are many opportunities for possi- 
ble contamination by haecteria, undesirable vensta and molds, resulting 
m the production of objectionable products. ‘The use of this sanitary 
tool will undoubtedly be helpful here in reducing spoilage losses. 


SANITATION OF DRINKING AND BATTING TTENSILS 


Proper sanitation is neceseary in establishments serving foods and 
drinks to the public. One of the great dangers in such places ts the 
possibility of becoming infected with disense-producing organiams 
from a common drinking vessel or from utensils not cleansed and 
sterilized properly. 

The first law passed in the United States against the common eat- 
ing and drinking utensil was in 1909 when in Kanses legislation was 
adopted prohibiting the use of the common drinking cup. The use 
of the common drinking and eating utensil is dangerous and undoubt- 
edly isa source of the spread of infectious disenses ms it serves ax A 
vehicle for the transfer of ealiva. Unfortunately the common drink- 
ing ghiss still survives in some offices, factories, public and semipublic 
places and in other establishments where people are working or are 
found and where water is consumed. The use of either a common ent- 
ing utensil or, what is as dangerous, improperly cleansed drinking and 
enting utensils, adds greatly to the opportunity for the transfer of 
ealiva with all the health hazards that such exchange implics. Par- 
hieularly during the last few decades has the danger becomo even 
greater owing to frequency of travel and the tremendous increase in the 
number of cafeterias, restaurants, taverns, rondside stands, diners, 
Iutich rooms, bars, luncheonettes, and soda fountains. Improved 
methods of washing dishes and drinking and eating utensils and the 
use, wherever possible, of individual sanitary paper service will be 
heeessary to keep down to a minimum the exchange of mouth secretions 
which iz entirely too frequent. Many laws and numerous regulatory 
measures which have the force of law have been passed in the form of 
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municipal or township ordinances, county er State laws or acts, or 
other legislative statutes. Usually the health departments and oc- 
ensionally other executive branches are responsible for the enforce- 
ment of these regulations. In many instances such regulations are 
nonexistent. In others, the existing laws are inadequate to meet mod- 
ern conditions or are impractical of enforcement. Frequently we find 
that there is no attempt made (o enforce adequate legislation. What 
ig even as important is the fact that there is comparatively little unt- 
formity in the methods advocated for cleansing and sterilizing drink 
ing und eating utensils. ‘There is a great diversity of recommended 
practices which should be corrected. In the use of hot water and 
chemicals for the sterilization of glassware and other eating utensils: 
many problems are encountered especially when operating on a small 
scale. ‘The maintenance of the proper and effective sterilizing tem-~ 

peratures, the use of chemical solutions which cun be kept at adequate 

strength, the elimination of discomfort to operators in working with 

chemicals or with hot solutions, the elimimation of odors and steam, 

and the reduction of breakage are some of the features to be considered 

in any practical process, The use of ultraviolet light may help to solve 
this problem and the introduction of suitable equipment low in cost will 

undwubtedly provide a satisfactory means of seeing that all eating 

utensils will be kept up to proper sanitary requirements, 

As a direct development of the scientifically proved value of 
selected rays of ultraviolet light, eating and drinking utensils after 
proper cleansing and drying are being sanitized with this outetand- 
ing scientific discovery. The effectiveness of the rays for this pur- 
pase is dependent on their proper application. Glasses, knives, forks, 
spoons, and other equipment to be sanitized must be treated in such a 
manner that all surfaces (inside und outside) are exposed, directly 
or by direct reflection, to 25387 Angstrom unit rays for a snificient 
period of time and at as short a distance from the sourte of the rays 
as physical limitations will allow. Properly applied, the time re- 
quired is but a few minutes to be assured that all disease-producing 
bacteria linve been killed. In this period of time, practically ull 
disense-producing bacteria and more than 9 percent of the total 
number of bacteria present, are destroyed, An additional valuable 
feature is that irradiation ean be and is employed to maintain the 
sanitary condition of the utensils until required for use. You have 
seen glasses, dishes, knives, forks, spoons, and other eating utensils, 
after cleansing, being stored on shelves or in compartments or cab- 
inets. During such ordinary stornge the equipment is not protected 
generally from air-borne infection or from contact with dust, flies, 
and other possible means of contamination, especially after being 
handled by waiters and others who in picking up one or more titen- 
sils, frequently touch others. Ultraviolet light, an efficient dry 





994 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1042 


sanitizing process, also makes possible an effective dry sanitary 
storngo at all times, 

Various mannally operated equipment and, of greater convenience, 
mechanically operated equipment is available for sanitizing eating 
and drinking utensils and keeping them sanitized until ready for 








use. Cabinets easy to install and operate are marketed in many 
attractive designs of different capacities, shapes, sizes, and colors, 
and they are equipped with direct and properly reflected selected 
ultraviolet rays. They operate automatically, so that each utensil 
receives radiation for a definite period and on removal the current 
is automatically disconnected. ‘These units are. very effective and 
perform their function of sanitization more rapidly than other 
methods. They are adapted for use not only for large-scale but 
especially for small-scale operation at soda fountuins, bars, and all 
places where beverages are served; and hore the cabinets provide an 
attractive appearance as well as visual evidence of a safe and effective 


APPLICATIONS 


Ultraviolet lamps have been installed and ultraviolet radiation 
is being employed for the sanitization of many different materials 
and environments. In hotels and in public and semipublic places, 
this treatment is being applied to the sanitization of toilet sents. 
The «nit is so constructed that after each use the seat is auto- 
matically raised into a eabinet containing ultraviolet equipment and 
it is subjected to ultraviolet radintion, Properly constructed cnb- 
inets are in use for the sanitization of hair and shaving brushes, 
combs, tooth brushes, and instruments and equipment used by phy- 
sicians, dentists, chiropodists, barbers, and beauticians. 

Though previously mentioned, it is of sufficient importance to 
direct your attention ngain to the fact that ultraviolet hight doca not 
possess deep penetrating powers, and furthermore, a direct hit on the 
germs by the proper ray is necessary to kill them. All equipment 
therefore must be built and installed in a manner that will permit 
the proper sanitizing ultraviolet rays to reach all surfaces of the ma- 
terials and objects being treated, Unless this ix accomplished, ultra- 
violet irradiation will be uncertain and its value ineffective, 


AN ENLIGHTENED PURLIC OPINION 
Your attention has been directed to the foregoing data because it 
is important that each individual understand something concerning 
the elements of disease control and understand better the problems 
facing health workers. The scope of preventive medicine ia ever 





widening. New sanitary aids and more effective methods are being 


developed continuously for the prevention of many diseases and to 
rid materials of infective agents and environments of insanitary 
conditions, Your familiarity with the data presented will help to 


form an enlightened public opinion. An enlightened public con- 


eciousness in all that concerns the well-being of the everyday citizen, 
fortified by a familiarity with important measures that can be used 
to promote public health, will necessarily result in « greater utiliz- 
ation of these sanitary aids and a more widespread introduction of 
proper sanitary practice. 
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TRENDS IN PETROLEUM GEOLOGY* 


By A. L Levonses 
Tule, Okla. 


The oil industry, like other great American industries, has made 
effective use of the most advanced thinking in many scientific fields, 
This is particularly true of its applications of physics, chemistry, 
engineering, and geology. As a matter of fact, the steep upward 
curve of the expansion of the industry during the pust quarter cen- 
tury merely reflects the increasing use of the sciences in the discovery, 
dleilling, producing, refinmg, and transporting operations, And, of 
the sciences that have been employed, none has had a more spectacular 
rise in usefulness than geology and its close relative, geopliysies. 

The oi) industry differs from most other industries that use the 
mineral deposits of the earth in one important respect, however, 
in that its supplies must continue to be replaced by new discoveries. 
Whereas in the field of coal the supply for generations to come hag 
been discovered, is proved, and is known, the situation in oil is quite 
the reverse, The oil that our children will use is not yet discovered— 
and being undiscovered, its location, quantity, and nature are not 
known. ‘This situation is largely the result of the economic cycle 
of supply and demand—as the supply increases, the price goes down, 
and the incentive to discover new supplies wanes. Equilibrium seems 
to be reached, on the average, when the known reserves are kept at 
approximately 15 times the current yearly demand—a demand that 
completely consumes the supply and leaves no residue with which 
to cushion an emergency. The gas tank of this modern engine of 
progress must, therefore, be continually replenished and as long os 
this condition prevails there will be a need for methods and 
techniques of discovery. 

There is now an estimated known reserve of 18 to 20 billion barrels 
of oi) underground—oil which has been discovered, is blocked out, 
and is available for use. ‘This quantity is adequate only 1f new dis- 
coveries can be made to replace it as it is produced and consumed. 
The past ability of the industry to maintain discovery has been 

' Read at the Piftieth Anniversary Celebration of the Univernity of Chicago, September 
oH. Reprinted bp permission from Eeonomle Geology, vol. 30, November 1M1, 
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essential to its growth, and if it should fail to find new supplies, it 
would quickly relapse into 4 stifling routine operation and gradually 
stagnate, 

The primary work of the petroleum geologist is in the field of oil 
discovery. His work is, therefore, fundamental and of vital im- 
portance, not only to the economy of the industry, but of the nation 
as well, for oil has certainly become one of the necessities of well- 
being for this age. He does many other kinds of work within the 
industry, particularly in the scouting, leasing, and production depart- 
ments, but failing of discovery, they would all be of little value, 
for everything he docs is subordinate to his function in the main- 
tenance of supplies of crude oil. 

Probably as good a measure as any of the role of science in the 
discovery process is to be found im the most recent of the annual 
surveys made by Lahee* of the basis upon which wildeat well loca- 
tions were made in 1940. During this year he finds that of the 3,038 
wildcat wells drilled, 2,051, or approximately two-thirds, were drilled 
hecause of geological and geophysical reasons, and of the remain- 
ing one-third, most were drilled for various nontechnical reasons and 
part for unknown reasons. Morvover, he finds that of the wells 
drilled on technical advice, 15.6 percent were producers as against 
only 4.2 percent successful in the case of wells drilled for non- 
technical reasons, It was, therefore, nearly four times as advan- 
tageous to use technical reasons for making wildeat locations as to 
use nontechnical reasons, 

One of the curious situations in petroleum geology is that in spite 
of our theories, and of all the workers who have given thought 
to the problem, little is known of the origin of oil, how it migrates, 
or how it accumulates, About all that is known js that it is now 
found in traps of various kinds, and as a consequence, almost the 
entire geological effort toward discovery consists in the search for 
such traps. The most obvious trap is an up-fold or deformation of 
the earth’s strata which will keep the oil within the affected aren. 
In the idiom of the profession, these are called “structures and a 
pool which produces from such an anomaly is called a “structural 
pool,” 

Less obvious and much more difficult to find are those traps that 
result from a variation in the porosity or in the stratigraphy of the 
reservoir rock. Pools producing from such situations are called 
“stratigraphic” pools’ Random drilling haa been particularly 
adapted to the discovery of “stratigraphic” pools, for in them we 
find no guiding surface or ehnllow indications. Most of the oil 
fields of the great producing areas of Ohio, Pennsylvania, West 
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Virginia, and Indians, together with those within the Penssylvanian 
sediments of the mid-continent region, are of the stratigraphic type 


and were discovered largely by the early “wildcatter™ who followed 


whatever hunch seemed best to fit the occasion. Such drilling was 
totally unscientific but because there were so many shallow strati- 


graphic pools to discover, it was effective, and many fortunes were 


built and large quantities of oil were found- 

The approach of the petroloum geologist to the problem of finding 
traps that might contain oil has been chiefly through his ability & 
locate favorable structural mress, either by surface or subsuriae 
geology, or by geophysical methods. However, as be is fore to 
dourch deeper and deeper for his data, und as it is becoming more 
difficult to find untested “structures,” the expense keeps mounting, 
and he is gradually turning his attention to the possibilities of finding 
stratigraphic type pools. The ammunition he brings into use for such 
work includes the microscope, the electric log, paleogeology, paleo- 
geography, imagination, and speculative reasoning based on sound 
fundamental geological concepts. The tide of exploratory thinking 
ia running strongly in this direction at present, and the possibilities 
for success art nlmost unbelievably great. 

Probably the most important development of the past decade, 

and an approncl: that is still in its infancy, is the continually widen- 
ing use being made of well cuttings, cores, electrical logs, und all sorts 
of detailed stratigraphic data. It calls for. technique which, in part, 
was forced upon the petroleum geologist when drilling muthods 
hanged from the use of cable tools to the nse of rotary equipment. 
At that time the driller was unable to make a sutisfactory log of the 
well he was drilling and the geologist was called on to do it for him, 
This he did through the use of the microscope, and the resulting ad- 
ditions to our knowledge of the stratigraphy, sedimentation, geologic 
history, paleontology, and structure in munch of the sedimentary area 
of the United States is so vast as to make almost all previous data 
obsolete and insignificant. 

Not only do dotailed stratigraphic and sedimentation studies fur- 
nish the background for modern subsurface work, but they are also 
the basis for any scientific search for pools of the stratigraphic type. 
The operator aj tempting to find such a pool with a minimum of drill- 














ing is indeed sorely in need of geologic assistance. In a way it is 






like the children’s game of Hide the Button, the difference 2 
that the operator now expects the skilled sedimentationist and micro- 


paleontologist to tell him when he is getting “hot” or when he is. 


getting “cold.” 

In discussing this question of the trend of petroleum geology with 
one of the geologists of the Gulf coast region, I could not help but 
agree with him when he stated that, in his opinion, the trend could 
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be expressed in one word and that word was “downward.” He went 
on to explain that he did not mean that we were going into a decline 
but that the thought and the effort of the petroleum geologist were 
more and more being concentrated below the surface and in the realms 
of subsurface sedimentation, subsurface stratigraphy, and subsurface 
paleontology, This entire subsurface development stems directly 
from the place microscopic methods have taken as a technique of pe- 
Toleum geology. A person working with subsurface geology began 
with the terms of the well drillers—*hard rock,” “soft rock,” “Snud," 
“slate,” and the like; Gradually lhe was able to change those to terms 
with a more geological sound—limestone, sandstone, and shale, and, 
as a further refinement, added such genera) textural and qualifying 
terms ss crystalline, dense, lithographic, porous, sandy, dolomitic, 
calcareous, and argillaceous. Now, we find him beginning to examine 
microscopically the individual mineral grains and to reduce their 
primary characteristics to the simplest possible terms; we find him 
concerned deeply with slight changes in facies: and we find he is be- 
ginning to look into the possibilities of distinguishing the variations 
of single minerals as a guide to the sedimentary environments of dep- 
osition, Some think it is deplorable, but it is nevertheless true in 
petroleum geology, that the microscope has pretty well supplanted 
the plane table and stadia rod as the Jeading method of obtaining 
geologic data. 

Geophysical methods have become so well established jin the oil- 
finding technique as to have long since passed beyond the trend stage. 
Moreover, it is not the purpose of this disenssion to go into other than 
the strictly geologicn] aspects of petroleum exploration, leaving. to 
others the telling of the brilliant contribution geophysics is making 
to the oil industry. 

The chief function of geophysics in petroleum exploration is to 
obtain structural data in advance of drilling. Geophysical data, in 
order to be effective, require geological interpretation and so far thia 
has been successful only in the search for structural accumulations, 
The time will certainly come, however, when the geologist will be 
able to interpret geophysical data in terms of sedimentation and stra- 
tigraphy and then the entire field of stratigraphic type oil pools will 
be opened to geophysical methods. Since geophysical data are all be- 
low the surface of the ground, when they are added to the steady 
stream of subsurface well data, they further tend to push our 
thinking deeper and deeper. Even now the commercially accurate 
mapping of geologic conditions 5, 10, or even more thousands of feet 
underground ig # daily routine in many areas. 

As the exploratory effort becomes deeper, it becomes more complex, 
and it also increases rapidly in cost. There is a tendency, therefore, 
in some quarters to go back to a reinterpretation of surface and sub- 
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surface information for the reason that many of the discover 

the past, which have been attributed altogether to eaphyanila BARS 
ods, would or could have been made by ordinary geological tech- 
niques at a much lesser cost. 

Obviously, there is much yet to be learned from surface mapping. 
One important factor is the availability of aerial photographs in 
nearly nll regions, which force into the diseard the methods and 
standards of accuracy that prevailed even a decade ago. Another 
factor, which has been the cause of many failures of interpretation, 
is the almost universal presence of unconformities. When 1 surface 
fold is projected through two or three unconformities, one or more 
of which is associated with diverging thickness of sediments, the 
expression of the fold nt the surface has but a faint tesemblance to 
what is found at 5 or 10 thousand feet below it. A third factor that 
applies to surface geology is that most of the early work was solely 
concerned with « search for anticlines and other types of favorable 
deformation. Many regions are therefore being reworked and the 
detailed stratigraphic information, which was neglected in the first 
surveys, is now being added. In my own experience, I well know 
that the year Espent in mapping “ structures ” in the San Juan Bazin 
of New Mexico could be repeated to better advantage by mapping the 
stratigraphy and its relation to possible oil accumulation. 

This brings us to another trend which is apparent, and that is a 
growing awareness of the importance of geologic history in the search 
for new oil fields and new oi] provinces. It is expressed in the deep 
interest of geologists in unconformities, overlaps, wedge belts of 
porosity, paleogeology, lateral and vertical gradation of porosity And 
permeability, facies changes, and in all of the varied phenomena of 
sedimentation, We may think of the rocks between each regional 
unconformity as being in layers of geology—each layer having its 
own peculiarities of sedimentation, structure, stratigraphy, and value 
as a potential oil-producing unit. In some regions, notably west 
Texas and northern Lowigiang, as many as four such layers are being 
explored and each found productive. Many other developed areas 
have shown two or three such separate and distinct layers of geology, 
and we may, therefore, coriclude that much of the unexplored terri- 
tory of the United States, undeveloped because it was thought to be 
uninteresting and monotonously uniform from a shallow structural 
viewpoint, now takes on value, because it hkewise may be underlain 
by two or more additional layers of geology, Thus, the first clues 
to the possibilities of u new region may not appear until one starts 
exploring 5, 6, or 8 thousand feet below the surface, and thinking 
through one, two, or three regional unconformities: The almost 
infinite number of combinations of structure and stratigraphy that 
have in the past been found to produce oil, if projected into the 
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future and considered us possibilities of pouneataniens in each or = 
of these unexplored layers of geology, reveals a correspondingly 
undiscovered future oil reserve and the enormous peologin effort 
necessary to find it. 

Most petroleum geologists began working in two dimensions— 
length and breadth at the surface. Later, as more wells were drilled, 
a third dimension, depth, was added. They now find themselves 
thinking and applying a fourth dimension to their work—geologic 
time—and as with the other dimensions, its addition to their kit 
gives the horizon yet another push outward. 

The only really new approach to the problem of oil discovery that 
has developed in many years is the recent use of earth-chemistry or 
geochemistry. Its approach differs from geological and geop : 
systems because it is a direct method, dependent only on the presence 
of oil regardless of the kind of trap, whereas the older methods are 
all concerned solely with the search for favorable structure, in which 
it is hoped oi] may be found, 

Many claims have been made for geovhemica] methods and if they 
were all realized it would be but a short time until all of the oil flelds 
in the world were found.. However, there are many geological objec- 
tions to its philosophy, and so far there have been very few or no oil 
fields found Ls ths: sole result of ite application, Until it proves 

successinl, it will probably continue to be regarded with 
fl sooadilbeatila amount of restraint as an instrument of discovery. 
We should not forget, however, that much highly intelligent experi- 
mentation and research is going on continually in this field, and that 
we mny well see the day when it, or some modification of the present 
method, is » generally accepted tonl of oil exploration. 

A development in petroleum geology, which I believe is significant, 
is of a different nature since it deals with the geologist rather than 
with his thinking. It is the trend in the oil industry to placa geo- 
logically trained and experienced men in executive and 
positions. Jt is coming on at an ever-accelerating pace and in nearly 
every month that passes we hear reports of promotions and changes 
in which geologists are advanced into positions of authority outside 
their normal field of activity. As Pratt* has so well put it, the 
Bedlogist now “ permeates the industry,” and he has come in “ like a 

wtasomatic phenomenon in ore deposits in which the invading soln- 
tion completely changes the internal character without changing the 
outward appearance.” 

This trend has far-reaching consequences, Although in the early 
days the petroleum geologist was practically limited in his application 
of geology to discovery by his ability to make the nontechnical execu- 
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tive understand what he was trying to do, now he finds a more tolerant 
and understanding attitude in the executive departments, which leaves 
him more freedom to concentrate on his geology without the necessity 
of promoting it or selling it to someone with no conception of its 
philosophy or method. Nothing cools the enthusiasm of a scientist 
as quickly a3 an unsympathetic superior, and this handicap, which has 
prevailed in too many instances, is rupidly being lifted to the ultimate 
good of both the industry and the science, 

Not only is the geologist going Into executive positions within the 
larger units of the industry, but he is also going into the oil busines: 
for himself in continually increasing numbers. He may call him | 
eelf a consulting geologist, but more often than not he is buying and 
selling oil anc gas leases, drilling wildcat wells, and has oil or gas 
production of his own. The study of geology and its method of 
thinking is good training for anyone entering the oil industry in 
a similar munner to the study of law, which has long been considered 
e good background for entry into business in general. 

DeGolyer * has pointed out another significant change in the worl: 
of the petroleum geologist in that he is becoming more ond more a 
coordinator of «a variety of geologic data, all of which are obtained 
by experts and turned over to him for interpretation, This con- 
trasts strongly with the older methods, where the geologist went into 
the field himself to get the data, and returning to his office, made his 
interpretation, Then, one geologist did all of the geological worl: 
incident to the drilling of a wildent well; now there may be « dozen 
or more specialists, each securing data of various kinds, which are 
put together by the office geologist into a coherent and related whole. 
Thus today the exploration preblem ie complex and the high evsts 
prior to drilling a wildeat well may even approach the cost of the 
well itself, If one is to succeed at this kind of interpretive geology, 
the need for the best possible training is obvious. 

One of the healthy signs in petroleum geology, therefore, is the 
interest that is being shown in the college curricula of geology depart- 
ments, ‘This was aptly put by a petroleum geologist the other day 
when he said, in disoussing one of his college professors, “l worship 
the yery ground he walks on, but he is teaching 10 years behind the 
times. Something ought to be done about it.” 

Well, something is being done about it. After studying all of the 
college catalogs of geology curricula and after sending out many 
questionnaires, a committees of interested geologists appointed by 
Henry Ley, President of the American Association of Petroleum 
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Geologists, have made o prelimin ) 

in part, that more attention in college training should be given to 
English composition, mathematics, chemistry, physics, descriptive 
geometry, logic or the ability to reason accurately, foreign language, 
sedimentation, geophysics, and field work. Biology might well be 
added to such a list also. Apparently the: teaching of the strictly 
geological subjects meets their approval but they feel there should 
be more training in the fundamentals of-science in what might be 
called “background” studies. Thoy also favored more problem courses 
and fewer memory studies in the preparation for a career os a petro- 
leum geologist. In order to do all this and still have time to do the 
sential work in geology, they believe the standard course of study 
should be for a term of 5 years, instead of 4, as at present. 

I rather think this interest in college curricula is traceable to the 
general browlening of the viewpoint of the petroleum geologist, As 
he takes a more active and responsible part in the oil industry; as 
he goes into the oil business for himself; nnd as his strictly geological 
duties require greater imagination, more sound reasoning, and a 
broader basic understanding of the interrelation of the various sciences, 
so he comes to realize his own shortcomings and the need for better 
preparatory training for those now in the colleges. In effect, this 
means that the specialized field of petroleum geology ts coming of 
age and is commencing to think about building its own standaris 
of training and achievement. 

Thus we see that geology and geologists sre exercising « constantly 
expanding influence on the whole business of finding amd producing 
oil and gas, There is no sign of a slowing down of this trend of 
usefulness, but, on the contrary, it is accelerating steadily, year by 
year. The petroleum geologist is becoming an “oil man" in every 
sense of the word, which, after all, is the best proof that he is keeping 


pace with the other applied sciences in the forward-moving front of 
scientific progress. 
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HISTORICAL BACKGROUND 


Meteorites are those portions of meteors which survive & passmge 
through space and through our atmosphere and actually reach the sur- 
face of the carth. Of the countless number of meteors that enter the 
atmosphere only a very few of any ize make « successful landing upon 
ourearth. In this short review it will be shown that the air we breathe 
serves alao ns # shelter from meteoritic bombing. 

Historically speaking, only comparatively recently has the mind 
of man accepted the fact that pieces of stone or metal could fall from 
the sky. ‘This is all the mors interesting when we observe how fre- 
quently references to the fall of a meteorite appear in old legends and 
records. In general the carly descriptions are about as accurate ns the 
ones reported tousteday, -An all-inclusive review of these old records 
will not be attempted, but a few wiil be cited to show not only their 
ontiquity, but also the importance people have attached to these evles- 
tin! objects. Man has been emotionally stimulated hy seeing them 
fall and by reflecting on their origin, as well as being physically served 
by making practical use of them. 

Many a meteorite has been reverently treasured by pri mitive peoples. 
We read of them being buried as sacred objects, worshiped as idals, 
even hammered into weapons and useful tools. Early explorers re- 
ported the use of objects tande of iron by people who had no commerce 
with the outside world, as well as by people who were unfamiliar with 
methods of reducing iron from any of its ores. Many of these objects 
have been studied and found to be made of meteoritic iron. 

Mythology has numerous old heroes who claimed to have had swords 
that had fallen from heaven. A dagger found at the site of Troy 
(Hissarlik) was reported by Dr. Schliemann to be n fragment of a 
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meteorite. The destruction of Sodom and Gomorrah may have been 
due to the impact of a falling meteorite; other explanations have been 
offered, but the meteoritic impact theory i is. as logical as any suggested. 
Tn Joshun X: U1 we rend of great stones that fell from heaven on the 
Amorites in the battle at Gibeon. Again, in the 18th Psalm, we read: 
’The Lard also thundered in the heavens, and the Highest gave his 
yoice; hail-stones and coals of fire.” 

In ‘Acts XIX :24, there are accounta of “a certain man named 
Demetrius, a silversmith, which made silver shrines for Diana, brought 
nosmall gain unto the craftsmen.” Warther along in the same chapter, 
35th verse, “Ye men of Esphesns, what man is there that knoweth not 
how that the city of the Esphesians is a worshipper of the great god- 
dess Diana, and of the image which fel! down from Jnpiter™ 

When the Casat Grandes meteorite was found in Mexico, it was 
wrapped in inmmmy eloth, indicating probably that the people treated 
this object with the aume respect that would be paid to one of their 
rulers. Prof. F. W. Putnam described some meteorites from south- 
western Ohio that were found buried in nn altar in asseciation with the 
most precious objects of the mound builders, 

At the time of Cortez’* conquest of Mexico, jt was noted that only 
the most distinguished Aztecs had daggers and knives maile of iron, 
a metal more highly prized than gold. The invading Spaniards re- 
ported no smelting furnaces for the reduction of iron, and when 
inquiry was made of » native as to the source of this iron, he would 
invariably point to the sky. Cortez and his followers certainly never 
guessed that the iron used by the Aztecs was of meteoritic origin. 

The Descubridora meteorite from San Luis Potosi, Mexico, an 
iron mass of over 1,000 pounds, contained a copper chisel embedded 
in one of the fractures, indicating that Neolithic man was attempting 
to obtain and use this iron. 

The famous “black stone” forming part of the wall of the Kaaba at 
Mecca, ancient religious center of the Arabs, is doubtless » meteorite. 
Only such an object, appearing miraculously from the sky, could 
have made such a profound impression as to become sacred. 

Important events in the lives of the people are recorded on their 
coins, Many of the early Greek and Roman coins bear representa- 
tions of meteorites. It has been reported that the metal from meteor- 
ites has even been used ag a medium of exchange. 

In 1812, when Napoleon Ws engaged in the battle of Borodino 
against the Russians, a stony meteorite was seen to fall not far from 
the Russian general. Napoleon won this battle, but lost the cam- 
paign against Russia, By a very narrow margin this meteorite 
missed being a celebrated historic specimen, for had the Russian 
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armies rallied in this battle and defented Napoleon, the meteorite 
would doubtless have been taken as a divine symbol that inspired 
them to victory. | 

Not only have meteorites stimulated man’s imagination in the 
more or less remote past, but their scientific study has led to useful 
discoveries. According to the following quotation from a paper pre- 
sented at the Second Empire Mining and Metallurgical Congress, 
Toronto, Canada, in 1927, by Robert C. Stanley, president of the 
International Nickel Company of Cannda, the first use of iron and 
nickel alloys was suggested by a study of the Smithsonian collection 
of meteorites by Samuel J. Ritchie and John Gamgee: 


While Colonel Thompaon was wrestiing with the problem of the separation 
of the nickel and copper, which was subsequently solved by the Orford, und 
inter by the Mond process, Mr, Ritchie had to face the problem of creating 
market for his nickel, ‘The World's annoal cotemmplion of nickel, In 1889, wos 
four thousand tons, whereas the rich ores of bis Canadian mines were ready 
to turn out twice that amount The priee, which had heen #1 # pound or more 
when the Canadian deposits were first opened up only a few years before, had 
shrunk to G¢ by 1889. The market was benvily over-stocked, (Grermiatvsiiver, 
electroplating and colnage were practically the only uses for the metal The 
future of the Cannilan industry depended upan the extension of the market by 

At thia juncture Mr, Ritchie recalled on experience some years before in 
Washington. He had met there John Gamgee, an Englishman, who bad inter: 
exted the Government in the building of a refrigerated hoagitul ship for treut- 
ment of yellow-fever potients In the Gulf porta. Gamgeo Investigated nmmonia 
refrigerating machines but goon found that east iron would not hold) com- 
pressed nmmonin gas. He tried all kinds of alloys, ‘Then, golug one day 
through the Smithsonian Institution with Mr. Hitchle, he siw some nickel 
iron meteorites nod decided to try such an alloy. Mr. Wharton furnished some 
nickel with which Gameve produced a very superior nickel-lron ollog which 
held the gas. Gamgee's ehip was never built but be hed demonstrated the 
possibilities of nickel-lron alloys. 





NUMBER 





AND DISTRIE(UTION OF METEORITES 


The total number of known falls of meteorites for the entire world 
is about 1,400, which number includes only specimens now preserved 
in various collections, Not all of these have been studied, and ss 
some of the discoveries lie comparatively close to each other, many 
of them may when studied be found to be individuals of the same 
fall. The United States alone has contributed more than $5 percent 
of the known falls or discoveries. This indicates a keen interest in 
the subject in this country, because the land area of the United States 
is a much smaller percentage of that of the entire world. 

The distribution of meteorite localities is far from uniform over 
our 48 States. The fact that so many meteorites have been found in 
some States and so few in others may be due to several causes. There 
are areas where it is difficult to find a meteorite on the ground because 
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of the thick vegetation or the numerous rocks strewn over the surface, 
In other areas conditions are ideal for easy recognition of a meteorite 
on the ground. One reason why so many falls have been. reported 
from certain districts is that the inhabitants hove been encouraged 
to arch for meteorites by being advised that these objects are easily 
ealable. Onee the residents of a district know what a meteorite looks 
like, and realize that there is a chance of monetary reward, it is likely 
that new finds will be made. 

There have been so many meteorites reported from certain districts 
that it bas become necessary to exercise caution before announcing 
a discovery asa new one. It is increasingly important that the exact 
locality of the place of discovery be recorded; the old practice of 
stating general localities such as counties no longer suffices to eetnb- 
lish new falls. 

It is not only necessary to have a portion of any newly discovered 
specimen examined in the laboratory, but it is also important to have 
it exammed where complete records of all fulis are available, and 
preferably where there ic a large collection of meteoritic material 
available for comparative study. Sections should be cut from the 
mass to be compared with the other meteorites previously reported 
from that area. Many meteorites ure so similar in structure and 
composition that even after these precautions are taken, it is diffienlt 
to state definitely whether a particular specimen is a new discovery or 
is merely » part of a fall previously recorded from that trea, 

The United States National Museum hes specimens of over Th 
percent of all the reported meteorites from this country and nearly 
66 percent of the total reported for the entire world, Thus excellent 
reference material is available for the investigation of a newly diz- 
eovered fall. Individually all the specimens are not of equal i im por- 
tance, but collectively they are most important for the study of varia- 
tions in the structure and composition of the different groups. Some 
of the specimens weigh more than a ton, others but a few grams. It is. 
necessary, however, to have sizable samples in studying objects ag 
complex and varied 99 meleorites, 


FLIGHT OF A METEORITE 


At the time a meteor enters the outer atmosphere perhaps 40 miles 
or more above the earth, its speed is known to be very great, The 
‘slowing down of the rapidly moving object causes the mechanical 
energy to be converted into heat with the result that the air com- 
pressed in front of it hecomes very hot. As the density of the air 
increases, the velocity of the meteor is more retarded, and at the 
same time the amount of heat thus generated rapidly increases. 
When the falling body is within 6 to 9 miles of the earth's surface, its 
velocity usually is so reduced that the generation of heat practically 
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ceases und it therefore is no longer luminous. During the fall heat 
diffuses elowly into the mass, so that the outside rapidly increases in 
temperature, Soon the surface is softened and removed by the 
scouring action of the air. This type of erosion progresses with the 
penetration of heat. As the falling mass is conatantly entering 
denser atmosphere, the frictional resistance increases; consequently, 
the stripping away of the outside goes on at an accelerated rate. 
The size of the falling body is reduced rapidly. 

Ti has been demonstrated that the symmetrical etch pattern of a 
cross section of an iron meteorite is easily and rather completely dis- 
rupted by heating to a bright red heat. So if heat has penetrated 
deeply into these irons their interiors would be found without this 
formal structure. Examinations of scores of cross sections of irons 
have been made, and no evidence exists to show that the interior was 
lieated during the flight. ‘The heated zone detected by study of see- 
tions is seldom more than J or 2 cm. thick. 

Tho surfaces of many stony meteorites show well-defined markings 
that indicate the orientation of the body through « portion of its 
flight. Since only « few iron meteorites have been sen to full, most 
of those now known are old ones on which the flight markings hove 
been removed by alteration. ‘Ihe finding of such « perfectly pre- 
served set of flight markings as the Freda, N. Dak., iron is unusual, 

The outer surface of this specimen tells the story of its struggle 
through our atmosphere. The Freda iron is small, weighing only 268 
grams, but its shape and internal structure make it of great interest, 
and its flight markings are beautifully preserved, The nose of this 
specimen is turned just as though it had been hammered. There 
is no reason to suppose that thie resulted from its impact with the 
ground since it was found in soft sod ; hence it appears that this rolled 
edge is due to the resistance offered by our atmosphere. The turned- 
over nose must have developed during the last portion of the iron’s 
flight, because had it developed very high above the earth, it would 
have been stripped off before the meteorite landed. This mass must 
have attained a very high velocity toe produce air pressure capable 
of turning or battering the metal in such a fashion. A determ- 
nation of the composition of this meteorite showed that it contained 
93.49 percent nickel and 75.86 percent iron. Materia! of such a compo- 
sition would not change from the solid to the liquid phase until it 
reached » temperature of about 1470° C. It would not be necessary, 
however, to attain that temperature to soften the metal to a point 
where it could rather easily be washed off by the airstream. The tem- 
perature required to accomplish this wonld probably be several hun- 
dred degrees lower than the melting point. 

In addition to the more delicate lines on the surface of metoorites, 
a number of depressions are usually present; some are shallow and 
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wide, others narrow and deep, and examples are known in which a 
hole pierces the entire mass. It is sometimes possible to determine 
thé direction of the air flow by rubbing one’s hand over the surface of 
the meteorite. The surface feels smoothest when the motion of the 
hand is in the same direction as the air flow, a decided difference be- 
ing sometimes felt on rubbing the surface in the opposite direction. 
When the Reed City iron was sectioned in our laboratories, a number 
of slices exhibited areas on the edge where heat had locally disrupted 
the internal structural pattern, A thin film of black solidified liquid 
oxide lies between the granular area and the normal octahedrite 
structure, This oxide film (pl. 4) must mean that there was a small 
invasion of melted oxide and iron, the latter developing & granular 
structure in cooling. If the mass had remained in a fixed position 
« little longer, perhaps this granular portion would have been swept 
out, deepening the depression and also esible the forma- 
tion of whirlpouls of air which would farther nbrude the meteorite, 
forming the pits common on so many irons. Unfortunately these 
structural features were not observed until the individual 
had beon cut into sectiuns:so it is impossible to relate this structure 
to any flight markings that may have been on the surface of the 
The air does an effective piece of work in rubbing out these celestial 
bombs. Their size when they first enter our atmosphere is not known 
with any accuracy, but there is renson to believe they aru somet 
very large, Records of different falls show that very fow a, ones 
get through to the earth, and we should indeed be thankful that the 
air is such an effective aeréen against meteoritic bombs, The total 
weight of material in any shower may be large but it is untsunl to 
find individual specimens weighing as much as 600 pounds. Good 
observations on the Chicora, Pa., fall indicate that « large masa did 
survive the passage through the atmosphere until it reached a level 
of about 12 miles above the earth. At this point something happened 
—probably the mass was crushed hy the pressure of the resisting rir, 
Calenlations based upon direct observations indicate that at the 
i2-mile level the mass must have weighed in the neighborhood of 
600 tons, Only 303 crams of this meteorite are known to have reached 
the earth, which is indeed a very small fraction of what existed 12 
In a few widely scattered localities on this earth, large holes bear 
witness to the erash of super-meteorites, All but one of these ocenrred 
before the dawn of recorded history; consequently we know nothing 
regarding the frequency of such events, One of these super-meteorites 
that did fall in our time—the Tunguska meteorite which crashed 
down on eee on June 30, = Ae rd gave our world a good rap. 





















neer on the Trans-Siberian railway had to stop his tram the night 
of the fall to prevent its being derailed by earth waves—and this was 
more than 400 miles from the place where the meteorite hit, Fortu- 
nately the region of the fall wus very sparsely inhabited, and. for 
‘hat reason it was « long time before the world knew what happened 
that night. When the scene was reached by outsiders, it was found 
that all the trees within « radius of 60 miles of the center of impact 
were blown flat. They were not strewn over the ground in a confused 
manner, but were arranged radially from the center of impact. For 
much of the distance that the trees were blown over, the wool was 
charred by the heat waves. It is doubtful whether any man or animal 
could lave survived within many miles of the spot where the mass 
hit. It would be difficult to pick a spot on the globe where such on 
event would involve less danger to mun. However, it would have 
been a different story had this meteurite arrived on earth 4 hours nnd 
47 minutes later, because it would then have made a perfect hit on a 
large city—Leningrad. 

Canyon Dinblo crater in Arizona is the largest of these meteoritic 
holes, and from the area surrounding its rim several tons of iron 
meteorites have been collected. None of the individual specimens this 
far located is very large, the maximum weight being about 1/00 
pounds, but some of these large specimens have been found several 
miles from the crater rim. No meteoritic material has as yeb been 
found nround the Siberian fall, but collecting in that area is most dif- 
ficult. ‘The quantity of meteoritic material buried at either place ts 
problematical, and also the size and weight of the mass that struck the 
earth. It is certain, however, that-a most violent explosion resulted 
when such a vast quantity of energy was abruptly checked and turned 
into heat and wave energy. 


A few years ago the National Museum received several irons from. 
northern portions of Chile where towns and named geographic land- 
marks ure not abundant, ‘The reported localities were given in miles 
from railroad stations or inining camps. Whien these irons were sec- 
tioned all were found to have similar structures belonging to the 
hexnhedrite group. It was then hoped that chemical investigations 
would establish certain differences, but as the work progressed and the 
results were tabulated, it was found that they were all practically iden- 
tical. The distribution of these nine Chilenn meteorites is confined 
to a narrow strip extending B°54’ of latitude north and south and 
1°56’ of Jongitude east and west. It is hardly logical to consider all 
of them as being n part of Uie same fall, and yet it is equally difficult 








242 §$ANNUAL REPORT SMITHSONIAN INSTITUTION, 1042 


to believe that nine different meteorites of identical type would strike 
the earth within such @ limited area, | 

Tt is well known that there is « definite relationship between the 
structure and the composition of iron meteorites. Since the analytical 
work on trons is not as simple as many chemists once believed, few of 
the old analyses can be used in interpreting this relationship. Hence 
it is very likely that the variation in nickel now reported in the litera- 
ture may in large part be due to faulty methods or to improper sam- 
pling, 

Search of the literature revealed a number of analyses which agree 
perfectly with the results on the Chilean material, The finding of 
so many identical analyses from all parts of the world suggests either 
that (1) all meteorites of similar composition and structure have a 
common origin and their distribution over the earth is due to their 
having fallen at different times, or (2) meteorites should be considered 
as forming from melts of iron and nickel, ete., and the resulting struc- 
ture of the alloy will depend upon the composition of the original melt 
as well as on the speed with which it cooled. Evidence definitely indi- 
cates that the second supposition is the more logical one and that the 
differences in meteorites are due not only to differences in the com- 
position of the origina) melt, but also to temperatures and rates of 
cooling. 

In other words, whenever the proportion of nickel and cobalt in 
metallic meteorites ia less than about 6 percent, only structures of one 
elnss—hexahedrites—will form. When the nickel and cobalt content 
in the original melt is higher than 6 percent, a second alloy will begm 
loappear, When the large areas of simple structure are broken up by 
inclusions of this second alloy arranged in # definite pattern, we have 
a structure known as an octahedrite, The rate of cooling determines 
the ease with which the different components migrate and increase in 
size. When the percentage of nickel and cobalt ig only slightly higher 
than 6 percent, only a little of the second alloy, known sa taenite, will 
form, so that there are rather wide bands of one alloy (kamacite) 
separated by specks or thin films of taenite. This combination pro- 
duces what we call coarse octahedrites. As the nickel content in- 
creases, finer and more delicate structures appear, It is not easy to say 
whether composition or rate of cooling is the more important factor in 
the production of a certain structure, 

The three classes of iron meteorites are hexahed: ites, oct i 
and ataxites, each having distinctive general features that are most 
noticeable after « polished surface is etched. Certain chemical dif. 
ferences also exist, but there is no sharp boundary between the dif- 
ferent groups and they intergrade with one another, 












Hezahedrites—Analyses of different meteorites of the hexahedrite 
type show there is little variation between any two of them (table 1). 
Hence the chemical evidence indicates that a rather definite alloy 
is formed which produces rather simple etch patterns consisting of 
one or more sets of parallel lines, The name kamacite is given to 
this composition and pattern, and the delicate structural lines are 
called Neumann lines. A meteorite containing only this relationship 
of iron and nickel is called a hexahedrite. | 

The compositions of hexahedrites are not absolutely definite. The 
variations from the average can be seen by comparing the individual 
index ratios, obtained by dividing the molecular ratio for iron by the 
sum of the molecular ratios of nickel and cobalt. The average index 
ratio of analyses given in columns 1 to 15 of table 1 is 10.7, and 
the average ratio for 6 north Chilean hexahedrites given in column 
17 is 16.9. Bearing in mind that all these meteorites probably did 
not form under identical conditions, we see that the amount of 
variation is relatively small. 


Table 1—Composition of hemshedrites 
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Ovtahedrites —More abundant in nature than hexahedrites and 
with a wide range of structural und chemical composition are the 
iron meteorites known as octahedrites, If etched sections of this 
group are carefully observed there will be noticed areas which have 
etching lines similar to those displayed in the hexahedrite group. 

i1go1—43-—_1T 





244 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1942 


it will be further noted (hut these arens form rather long but narrow 
bunds and are separated from each other by delicate lines of an. 
alloy with a totally different appearance. Kumacite is the name 
given to the metal in these wide Jath-shaped areas and the motal in 
the delicate lines bordering the kumacite is taenite. The chemical 
analysis (table 2) shows that this group of meteorites always hus a 
higher percentage of nickel than hexvahedrites, At this jexint the 
explanation of structures begins to become ppparent. The single 
alloy, kamacite, of which hexahedrites are made up, is composed of 
iron that is about saturated. with respect to cobalt and nickel, Any 
excess of these metals over that needed to make kamacite combines 
with iron to make « second alloy, taenite, and the: distribution 
arrangement of these two alloys forms an octahedral pattern. 
Taenite is slightly different in its acid-resisting properties, and on 
the etched face of a meteorite it stunds out in relief against the 
kamacite, 

When a series of etched faces of octnhedrites is spread before the 
observer, a difference in width is noted between these kamucite bands 
in different specimens, Some are very narrow and surrounded with 
4 continuous thin, but well-developed, line of taenite; others have a 
very wide, sometimes irregular-shaped, area of kamacite with only a 
mere suggestion of tacnite nround it. In fact these cetahedrite and 
hexahedrite groups reach a point where there is little difference be- 
tween them, 

The relationship between composition and structure is rather sim- 
ple to this point, but as structures of more and more octahedrites are 
examined it is noticeable that increasing narrowness or fineness: of 
the kamacite bands does not always guarantee progressively higher 
nickel content. It is true that medium or narrow widths of the 
kamacite bands will always imply definitely higher nickel content 
than is found in the very coarse octahedrite structures, but occa- 
sionally it is impossible to predict definitely which of two rather 
similar octahedrite structures will have the higher percentage of 
nickel. Consequently there is good reason to believe thot another 
factor should be considered besides the rate at which a melt cools 
down, and that is the length of time it was held af a fixed tempera- 
ture, because this may have something to do with the fineness or 
coarseness of octahedrite structures, In the luboratory it is difficult 
to retain for a long time « prepared nickel-iron mix at a temperature 
where the metal is a solid but still ata tempernuture sufficiently high 
for the molecules of these two alloys, kamacite and tnenite, to migrate 
and segregate from each other, 

Quick freezing can create a structure of thin areas of kaunacite 
separated by taenite. When the meteorite freezes before the tacnite 
can collect together—or, to express it differently, before the kamacite 











can expel the taenite—thin lath areas of kumacite should be produced. 

: -tnhedrite. The rate of cooling is 
important and may be responsible for many structures in iron 
meteorites, 





Tans 2 —Oompovition of otfahedrites 
(E. P. Hexvenaon, analyst) 





Nork—Nos, 1-8 are eoarae ootahedrits, Noa, €-8 ure- medium to fine octahedron 


Although it is impossible to define exactly the houndary between 
hexahedrites and octuhedrites, it is obvious that Lhe two tables indicate 
the approximate position of this boundary, The accuracy with which 
nickel and especially cobalt can be determined is Itmited by certain 
sources of error; hence it is increasingly difficult to fix boundaries for 
the chemical composition of either of these groups. The behavior of 
cobalt and nickel is practically identical in these alloys, and in diseuss- 
ing the compositions of these groups, therefore, the cobalt and nickel 
together are considered aa a unit, 

There are octaliedrites that have large areas of kamuacite separated 
from adjoining areas of the same alloy by only « fine line, Careful 
search along these boundaries usually will detect some taenite; but as 
the compositions approach the limits of solubility for cobalt and nickel 
in iron at the different temperatures, a time comes when there will be 
formed only a trace of taenite, which can be very easily overlooked. 
Thin, discontinuous plates of taenite were found in the El Burro 
specimen, and none at all in the Mount Joy and Sandia Mountains 
specimen. Hence the composition of these three meteorites is near 
the border line between the octahedrite and hexahedrite groups. 

A simplified equilibrium diagram of the iron-nickel system given 
by E. A. Owen and A. H. Sully * traces the composition and tem- 
perature range for the boundary of kamacite (hexahedrite) and kama- 
cite-tacnite (octnhedrite) str es, It shows (fig. 1) that at 400° C 
kamacite contains ita maximum nickel content, or slightly over 6 
percent; at 200° C. the solubility had decreased to 5 percent, nickel. 


* PL: Mag, and Journ, Sel, rol. 27, No. 284, p. 614, 193), 
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In figure 1, the location of the line AB, separating the « phase, 
kamacite, and the a+y phase, kamacite and taenite, rather clearly 
defines the chemical compositions for the two groups given in tables 
land 2 Since the conditions of heating and rate of cooling of me- 
teorites are not understood, they cannot be used to modify the nickel- 
iron diagram prepared under « controlled environment. However, 
their compositions and structures should be consistent with the com- 
positions of their respective fields on the phase diagran 
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Protme L—Equilibrinm diagram of jron-nickel ayetem below 1000* ¢. 
ton expressed on horizontal tine is the percentage of nickel in iron. 

Aftamites—Ataxites lack the precise structural patterns of sithor 
hexabodrites or octahedrites. Perhaps some day this group, which 
varies widely in its nickel content, will be simplified; however, at the 
present time into this class fall all the irons that cannot readily be 
classified as belonging to either of the other classes. It is significant 
that the cobalt-nicke! content for some ataxites closely parallels that 
kedrite pattern and also a chemical composition that lies within the 
range for octahedrites. In addition to the above there are several 





nickel-rich ataxites in which the nickel content is much higher than 
that of any octahedrite (see tables 2 and 3). 

The same general compounds of iron, nickel, ete., that occur in the 
other groups are present in ataxites: The tuenite is more abundant 
in ataxites, and there is reason to believe that the nickel content of 
the taenite is higher than in that found in octahedrites, Following 
the line AC ow figure 1 from higher temperatures to lower, we note 
that as the melt cools the position of the line is shifted toward an 
increasing nickel content. Investigation may chow that taenite in 
the same meteorite Varies in composition. 

Studies of ataxites have not as yet progressed to the point where 
all the structures can be accounted for, The logical approach to an 
understanding of ataxites is through more complete investigation of 
the features of both hexahedrites and octahedrites. 

Only those slaxites rich in nickel were included in table 3, Nickel- 
poor varieties, with a composition similar to that of hexahedrites or 
coarse octahedrites, exist, but the majority of published analyses of 
ataxites indicate that their cobalt and nickel content falls within the 
higher limits of composition of the finest octahedrites and extends even 
beyond this range. 


Taste 3. —Composifion of high-nickel alazites 
Meteorite (aame of eeulyst in parent bes) 
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Because most of the analyses on nickel-rich gtaxites are very ald 
and the cobalt and nickel contents may not be very accurately deter- 
mined, a more complete table of this class was not attempted. Three 
of the eight meteorites listed in this group, namely, Nordheim, Tawal- 
lah, and Freda, have a slightiy developed octahedral structure. In 
both the Tawallah and Freda descriptions, mention is made of a fine- 
grained acictlir ground mass through which occur inclusions of 
kamacite. In each ease kamacite ic surrounded by areas which are 
largely taenite and which appear bright in the published photomicro- 

graphs because tuenite is resistant to the etching reagents used, This 
arrangement is explained by assuming that the kamacite separated 








out from the ground mass surrounding the area, leaving the taenite 
segregated ; hence, localized arvas of kamacite and taenite occur. 
STONY METEORTES 

The metallic inclusions in stony meteorites will be only briefly dis- 
chased. The principal point to be brought out is the similarity in 
range of chemical composition of the iron in stony meteorites and in 
iron meteorites. The composition of the metal in stony meteorites of 
the chondritic group seems to change as the proportion of the metal 
fo the silicates varies. When there is an abundance of metal, its 
cobalt-nickel content is usually relatively small; likewise when only a 
few metullic inclusions occur they are usually very rich in cobalt and 
nickel, 


TARLE 4.—Comparteon of the motecular ratio index ae of iron in meteorites 
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Several authors have called attention to this fact and other tables 
have been published." An independent check was made of this point 
by selecting at random a limited number of well-studied chondritic 
having the highest index ratio to determine whether some correlation 


* Prior, G,'T, Min Mag, voi. 18. p. 28, 1016. 





would be found. It so —e that the highest index ratio én the 
group selected corresponded to the index value of the octahedrite 
group. | 
The manner in which the iron occurs in these stony meteorites 
lem iearae a ‘The iton is Eee localized into emall, irregular- 





Frum 2—A papel racrabentation of the pemoalion end percentage of metal 
n the stony treteorites lieted In table 4. 

shaped inclusions. It is usually located between the silicate minerals 
and not ineluded within them. How the iron formed and the se- 
quence of its formation with relationship to the other minerals are 
important problems awaiting solution, 

The cobalt-nickel to iron ratio shows that in solid iron meteorites 
o rather continuous series existe, Tliis index ratio ranges from 16,+ 
in the case of hexahedrites down to 3.+ in the staxites, and there is 
saat question but that the ataxite ratios could be extended even 

wer. 
_ The last column in table 4 gives the percentage of metal present in 
the specimens, und an examination of the last two columms indicates 
that some sort of correlation does exist. Just why there should be any 
relationship between the composition of the tron and its abundance 
in a meteorite of this type is very difficult. to explain. 

The true relationship between the last two columns in table 4 is 
best seen when these values are plotted. In. figure 2 the vertical 
component corresponds to the index ratio and the horizontal eom- 
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ponent to the percentage of iron in the meteorite. The points on the 
graph represent the specific meteorites listed in table 4. There is a 
grouping of points in the lower left-hand portion of the graph. 
Points Ch,‘ So, and En are rather well grouped, as are also points 
La, Te, Lu, and Pe; the other seven are so widely dispersed that it is 
useless to attempt a serious discussion of a curve based on these data. 
A straight-line relationzhip would not necessarily be expected in 
plotting values on this graph, and a curve drawn at some Inter time 
when more data are available would probably be found to flatten 
out toward the right-hand side of the figure. 

Tt is evident that this series of stony meteorites offers little proof 
of any progressive increase in the percentage of nickel jn the iron 
ns the quantity of iron decreases in the meteorite. Tuble 4, however, 
shows some of the ranges of indices of the different types of trons 
and indicates that in the metal of stony meteorites an even greater 
range in the cobalt-nickel to iron ratio exists. 

Before leaving the iden of the correlation between abundance of 
metal in a stony meteorite and its cobalt-nickel content, mention 
should be made of a further suggestion, namely, that as the cobalt- 
nitkel to iron ratio gets lower there is a related progressive change 
m the ratios of FeQ:MgO in the silientes, The Soko Banja and 
Chicora meteorites contain a very small percentage of metal, but 
what is present is exceedingly rich in cobalt and nickel—hence the 
ratio index is rather low, The bulk of the silicates in each of these 
meteorites is olivine and pyroxene, and both of these silicates are 
rich in FeO. Again many meteorites have been found to contain con- 
siderable percentages of metallic inclusions in contact with the 
Magnesium silicate enstatite, which has been found to be about the 
purest enstatite known—almost without a trace of iron, 

From what can be observed by examining sections of stony meteor- 
ites, it is difficult to see how there could be any relationship between 
the composition of the metallic portions and the composition of 
the silicate minerals. Judging from the physical relationship of 
the iron to the other minerals present, it would appear that the metal 
solidified Inter than the silicate minerals, A chondrule is zhown in 
plate 6 completely surrounded by a ring of metal, and such features 
ne these are not uncommon, Merrill * enlled attention to the thread- 
like forms of iron penetrating silicates, and it ig difficult to see how 
these delicate threads could enter o silicate mineral unless the iron 
solidified in the fractures of previously formed minerals, 

A convincing array of evidence can be offered to show that chon- 
dritic meteorites are tuffs—that js, they represent a type of rock 
“The Orat two letters of the meteorite names are ned to designate tho position on the 
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mechanically brought together; hence, the various components of 
such stones are associated purely by chance, Thin sections of chon- 
dritic meteorites show some complete chondrules, but usually there 
are a great number of fragments of chondrules present, The frag- 
mental nature of this class of meteorites is a conspicuous feature, 
Foshag® stated: “The agglomeratic nature of chondritic meteorites 
leaves little doubt that they are volcanic tuffs.” Since in many stones 
the iron oceurs enclosing chondrules or penetrating the minute 
fractures of silicate minerals it is logical to assume that it was 
deposited after the fragmental silicata material was partially con- 
solidated, With such good and abundant evidence suggesting that 
the silicate materials were mechanically brought together, and that 
iron was introduced after the silicates had formed, it is impossible 
to understand why any relationship ehould exist between the com- 
position of the iron and its abundance in a meteorite. 

A few studies have been made upon the etch patterns of the iron In 
stony meteorites, and these studies indicate that all the features found 
in the iron of iron meteorites are also present in the iron of stony 
meteorites, There is no question but that some of the metallic in- 
clusions in these stones are exceptionally rich in nickel—above the 
range found in the iron meteorites—hence it isto be expected that a few 
unusual etch patterns may be found. 


CONCLUSION 


The purpose of this discussion has been to show that some progress 
is being made in relating the various phenomena obeerved in the study 
of meteorites, although some of the most conspicuous features are still 
but imperfectly understood. The deseription of stony meteorites is 
very difficult, and often « published xecount is so general that it is im- 
possible properly to classify the specimen or to correlate it with other 
meteorites. The study of meteorites is only just beginning, and the 
eystem of classification is still in the formative stage. It is onfor- 
tunate that the interest of many persons in these objects is merely that 
of the collector in possessing something extremely rare, when so many 
interesting problems await the attention of ambitious students. 
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ATAXITE STRUCTUMES. 
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By EL Orzzr Berea 
Department of Anthropology 
Gaiveratty af the PAilippines, Manila 


One of several things for which the Philippines are remarkable is 


tha presence in the Islunds of the world’s lurgest known deposit of 
tektites. The term “tektite” was adopted in 1900 by Prof. Franz E. 
Sues, of Vienna, as a genera! name for a curious group of natural 
glasses which have come to be widely regarded as of cosmic ot extra- 
earthly origin. In recent times it has become apparent that these 
bodies did not fall singly or sporadically, but that great showers of 
them fell wpon certain parts of the earth at widely separated geologic 
periods. A small deposit has been found in the Ivory Coast region of 
West Africa that is believed to date aa far back as Mesozoic times; the 
Moldavites, or European tektitez, date from the Helvetinn strata of 
the mid-Miocene; the whole group of Far Eastern tektites, or Indo- 
Malaysianites, are undoubtedly mid-Pleistocenv; while the Auzstra- 
lites, or tektites of Australia and Tusmiamii, are believed to be post- 
Pleistocene or recent. These four major geologic groups of tektites 
all differ from one another to some extent in pliysical appearance, 
chemical composition, and specific gravity, but all possess certam com- 
mon differences from other earthly rocks which have led them to be 
classed together as genuine tektites, of unknown but probably coamic 
origin. 

Most if not all true tektites appear to have been onginally of the 
natural shapes that would be assumed by molten glass revolving in the 
atmosphere or any similar gaseous medium, i. ¢., spheroids, disks, or 
oval, cylindrical, dumbbell-shaped, and pointed, drop-shaped bodies, 
some later broken or exploded into fragments of various sizes, This 
fact, together with their anomalous chemical composition, and the 
further inact of their being found frequently in wholly nonvoleanic re- 
gions, have been the chief reasons for adopting the cosmic hypothesis 

' Paper road at the seronth anntal meeting of the Society for Newwarch on Meteorites, 


Calnmbas, Oblo, Terember 1020. Beprinted by permission from Contributions of the 
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in seeking a reasonable explanation of their origin. The Anstralite 
group of tektites adds still further probability to the coemie theory by 
ehowing o partial re-fusing of the originnl gloss sphere, » part of 
which has flowed backward and solidified into 4 more or less flat- 
tened ring or band, giving to the whole specimen a peculiar buttonlike 
appearance, in the typical forme. In many other cases, the re-fused 
material has been completely swept away in flight, leaving only a 
small sharp-edged or lens-shaped remnant of the original tektite 
sphere. 

The Philippine tektites all belong to the general Inido-Malwysianite 
group, of mid-Pleistocene origin; this group contains also the tektites 
found in Indo-China, Borneo, ond the Island of Javn. While present- 
ing great uniformity in composition, and in color, specific gravity, and 
other properties of the ginss itself, the Indo-Malaysianites of dif- 
ferent geographic areas present certain characteristic differences in 
shape, surface markings, flow-lines, and the degree of viscosity of the 
original material, which have led to their being divided into four 
major and several minor subgroups of more or less distinctive and 
well-defined character, The four major subgroups are: 

1, Indochinites (originally most vlecous, with stretched-bubble sections, and 
with both straight and curred polnted drops, and Irregular fragments 
the moat characteristic formes, spheroids being rare). 

2. Rivalites (pitted epheroide, ovals, and cylindrien) forma being most char- 
acteristic, showing Intermeiiate viscosity 


3 Billitonites ond Malayeianites (with rls etched epherolila, cyiloders, 
and itregulur pleses, showing worm-track grooves and navyele ag the 
characteristic forms; medium viscosity). 

4. Juco foktifes (ivast viscous}, with highly complleated flow-lines milldly 
tt clearly etched ont on relatively emooth eurfnees and with spheroidal 
amd trreguiar or fragmentary forme os the most characteriatic), 

The most typical Indochinite specimens occur in South China and 
northern and central Indo-China, although they are found also, 
sparsely, in Luzon (particularly in the Rizal-Bulakan area, where they 
are mixed with much larger numbers of Rizalites and a few Billitonite 
and Malaysianite types). 

The most typical Rizalites occur only in Luzon, although a few 
similar, pitted specimens are known from Borneo and Java. 

The Billitonite and Malaysianite types, although least in number, 
cover the greatest area, being found in parts of southwestern Luzon, 
the Island of Busuanga in the west-central Philippines, Borneo, the 
Natuna Archipelago, southern Indo-China (especially Carnbodia), the 
Malay Peninsula, and the Island of Billiton. ‘The original Billitonites 
(first found in the tin mines of Billiton Island) show characteristic 
worm-track grooves and navels, with relatively smooth surfaces be- 
tween such markings, while the true: Malnysianites tend to show ir- 
regular and heavily etched surfaces with the irregular pits and other 
markings often running together more or Jess continuously, as seen 
most typically in many Cambodian and Busuanga tektites. 








The most typical Java tektites are found only in central Java, but 
a few very similar specimens oecur in the Philippines (particularly in 
the Santa Mesa district of Rizal Province). 

The largest known whole tektites occur in southeastern Loxon, in 
the Paracale district of the Bikol Peninsula, while those of Indo- 
China rank next, and the Maluysianites probably third. The great 
Bikol tektites may be truly called “super-sized,” since most of them 
are large, and small specimens comparatively scarce. The largest 
found so far weighs 1,070 g., and is an almost perfect sphere u little 

over 4 inches in diameter, but more than « hundred Bikol specimens 
running from 200 to 700g. each have so far been found. The largest 
recorded whole Indo-China specimen ts from Cambodia, and weighs 
630 g., while the largest known Malaysianite is believed to have come 
from Pahang and weighs 464 ¢. Only « few other spocimens weigh- 
ing 300 g, or more are known, all of them haying come from the Indo- 
Malaysianite region, most of them being from Indo-China anid the 
Philippines, with one each from Jova and the Malay Peninsula. 
The average for this region, however, is between only 15 and 20¢. 
The largest Australite has the exceptional weight of 218 g., since the 
Australites are the smallest of all tektites, averaging only about 1 g. 
each or less, Tektites from other regions are intermediate, but no 
recorded specimen reaches 150 g. in weight. 

However, what was originally probably the most gigantic of all 
tektites is ugain recorded from Indo-China, This is the famous 
specimen of Lower Laos, of which several thousand irregulur frag- 
ments have so far been gathered within o relatively small area. The 
largest piece weighs more than $ ke., while many of the smaller ones 
weigh only a few gramseach, The evidence to date seems to indicate 
that all of these pieces are parts of a single huge tektite, perhaps half 
a meter in diameter, und weighing nearly 100kg. One of the most 
interesting things about these finds is that no other small whole 
tektites have been found anywhere near the same region; this fact 
lenis force to the cosmic theory, since any shower of muller bodies 
aceompanying this great cosmic bomb would have tended to fall far 
behind in the course of its flight through the earth's atmosphere. 

This brings us back again to the various theories accounting for 
the origin of the tektite glass itself. Many such theories ners been 
propounded in the past, but most of them have been demolishe 
the extensive and often bitter criticiem to which they have best sub: 
jected. A few theories, however, have withstood much critical dis- 
cussion and ure still worthy of ezions considerntion, although no 
aingle theory has yet received universal or wide acceptance among a 
majority of those interested in the major tektite problem and its 
solution. I shall conclude this paper by summarizing, first, the 
essential features of three views that are still being seriously con- 
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sidered antl shall then present «a mew hypothesis that has recently 
present certain features which will doubtlees provoke much. interest- 
ing discussion and may even add a new chopter to tektite history. 

First, although no one has yet ever been able to present acceptable 
proof of the volcanic or other earthly origin of the tektite glasses, 
there is still an appreciable number of students of this question who 
believe that such an earthly origin will some day be demonstrated; 
therefore, thie possibility ehould not be disregarded, although major- 
ity opinion is today decidedly against it. 

Second, the view known #s “the burning light-metal meteorite 
theory” (« theory developed in its various stages by Goldschmidt, 
Michel, Lacroix, and Suess) is-still regarded by many capable in- 
vestigutors as the most acceptable explanation of tektite origin yet 
presented. In brief, this view is based on the generally accepted idea 
that the great seasonal meteoric showers which so frequently visit the 
carth’s atmosphere, and are: mostly wholly consumed in the upper air, 
consist in the main of the light metallic elements which oxidize at 
normal or relatively low temperatures, It is generally believed that 
a considerable amount of finely divided silica or siliceous matter is 
shied from euch showers, probably reaching the earth usually as a fine 
powder or dust. This tektite theory presupposes that the earth has 
occasionally passed through abnormally thick clouds of such matter— 
such as, e, g, those which are commonly believed to form the tails 
of some conmts, ete—and that at such times the quantity of siliceous 
matter shed would be sufficient to form sizable globules of liquid 
ginss, fnlling to the earth in solidified form a3 a tektite shower. 
(The principal objection ta this. view, in the mind of the present 
writer, is the difficulty of explaining the secondury re-fusing of the 
Austrulites and the absence of such secondary forma in the Indo- 
Malaysianites, since the glass of both types is of practically identical 
composition, color, and specific gravity. Van der Veen, however, 
has suggested that this difference was dne to the more fluid nature 
of the Australite glass, while the Indo-Malaysianites were more 
viscous. Tlie increasing viscosity of the Indo-Malaysianite ginsa, 
from Java northwestward to South China, seems to support Van der 
Veen’s view.) 

Third, Spencer's “meteorite explosion-crater” theory, while re- 
garded 2s unacceptable by a majority of tektite students, is, in my 
opinion, still to be considered as a possible clue to the origin of many 








important varieties of pseudo tektites, ete, such as the silica glnsses, 
Darwin glass, the Americanites, the Philippine pseudo Americanites 


of Santa Mesa and vicinity, the Claveria psendo tektites, and pos- 
sibly even the European Moldavites. The essentials of this view are, 
briefly: Quantities of silica glass of several types have been fonnd 


around such great known mebeorite craters ws those of Arizona, 
Wabar, Henbury, ete., and are believed to have been produced by the 
fueing of earthly rocks and sands by the terrific heat resulting from 
the explosive impact of the hnoge meteorites which produced such 
craters. An explosion great enough to produce a crnter a mile or 
more in diameter would doubtless throw molten silica and other fused 
materia] a vast distance into the air, and such material would tend 
to assume the geometric forms common to glass drops, hardening as 
it fell back toward the earth, At the time of first propounding this 
view, in 1933, Spencer felt that the origin of tektites might be thus 
explained, but in his more recent writing he admits the difficulty of 
explaining the Widespread Australites and TIndo-Malaysiunites on 
such grounds, The chief argument in favor of this view of tektite 
origin is that the composition of tektites approaches that of some 
earthly clays, but one would need to presuppose temperatures much 
higher and craters much vaster than any yet Imown on tho earth. 
(However, we must anit more detailed study of the great Junar 
ernters, now coming to be regarded as mainly meteoritic in origin, 
and consider also the possibility that stich great craters may have been 
destroyed or largely covered by erosion arid vegetational growth 
on the earth.) 

The present writer has expressed no personal opinion in favor of 
any of these theories of tektite origin, but has attempted merely to 
point out from time to time some of the arguments against or in 
favor of each of the views. The same attitude will be preserved as 
regurds the new Rufus hypothesis presented herewith. 


AN ASTRONOMICAL THEORY OF TEETITES 


Under this title Prof. W. Carl Rufns, of the Observatory and 
Astronomical Department of the University of Michigan, has pre- 
sented to the writer a new explanation for the origin of tektites which 
was published in another paper? For the present, I wish only, 
then, briefly to summarize the essentials of his theory here, and to 
advance a few short arguments for und against it. The essentials 
of the theary follow: 

The smal! natura!-glass bodies known ug tektites were originally de- 
rived in major part from the glassy basalt, or tachylyte, which forms 
the deeper crustal lnyer of the earth -aXptted chiefly on the floor of the 
Pacifia basin, at the timo of the fissionsl separation of the moon. 
Furthermore, the earthly tektites represent only » small section of the 
vast swarms of tiny satellites which remeined revolving about the 
earth within the Roche limit and particularly that section of the 
satellites having a revolutional period closely coinciding with the 


'Pop. Astron, rol, 45, No, 1, pp. 42-41, Jannary 1040, 
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period of the earth's rotation. Such swarms would have remained 
approximately above the Pacific basin, but would have gradually 
fallen behind and tended to be drawn to the earth on account of per- 
turbations resulting from the gradunl retardation of the moon. 
Cumulative perturbations and other related factors have caused 
swarms of these bodies to come down to the earth at widely separated 
geologic periods in the earth's history, auch falis having been par- 
ticularly extensive along a great-cirele route crossing the western 
edge of the Pacific basin. This condition would account for the 
great quantity and wide distribution of the Indo-Malnysian tektites 
especially, which are of almost identical chemical composition, while 
other showers of telctites came ut different geologie periods and varied 
somewhat in composition and physical appearance, 

While final critica! appraisal of the theory must come from others 
better grounded in astronomical and geophysical knowledge than the 
present writer, there are certain implications of this new hypothesis 
that may well be pointed out. First, negatively, the well-known 
chemical differences between the true tektites and known earthly 
rocks have not yet been satisfactorily accounted for. It is true, per- 
haps that there ore very few analyses of deep-seated plnesy basalts 
iVailable in our liternture, and that this fact might account for the 
principal difference observed between the tektite chemical pattern and 
that of the more widely known surface rocks (either plutonic or vol- 
cani¢). In particular the dominance of potash over soda in the tektites 
is outstanding, and is accompanied usually by a predominance of 
ferrous oxide. This condition is just the opposite of that of most 
known earthly rocks and glasses, and it is obvious that further evidence 
is needed here, 

Tt should be nated, however, that the foreging objection applies with 
equal force to all other proposed tektite theories, except the generalized 
cosmic hypothesis, On the other hand, the Rufos theory explains or 
lends important support to a number of other views hitherto regarded 
as not altogother neceptable in their entirety; «. py. Fenner’s views a5 
to the origin of the secondary forms of the Australites fit in very well 
with the Rufus theory; in fact the Australites furnish probably the 
best support for the new theory, although they almost certainly repre- 
sent a different shower from that which gave us the Indo-Malaysian 
tektites. The larger and heavier Indo-Malaysian tektites would have 
been drawn down at an earlier period than the smaller and lighter 
Australites, although the glassy substance of which both are formed 
is of almost identical chemical composition, 

_ Past experience has shown that it is easier to demolish tektite theories 
than to find substantial support for any one of them. Profesor 
Rufus has thus been rightly cautious in presenting his new explana- 
tion, and in welcoming expected criticism and discussion. It is 





hoped that constructive criticism by qualified contemporaries may 
soon demonstrate whether or not this latest explanation of tektite 
origin can stand the test and take ite place among the few most ac- 
ceptable theories accounting for these strange bodies. 


POSITION OF THE PHILIPPINES IN RELATION TO TERTITE STUDIES 


Up to last year, the present writer and Dr, Siguel Selga, S.J., of 
the Weather Bureau, were the only local students to take « serious in- 
terest in tektite studies, but, since the middle of 1938, Mr. J. Van 
Eck, of the Marsman staff in Paracale, hae been making some very 
interesting observations on the physical history and charactoristics 
of the Bikol tektites. A monograph by the writer, covering the re- 
stilts of some 12 years’ active study and collecting of Philippine 
tektites, since the first specimen was found in 1996 in a Rizal Province 
archeological site, will be ready shortly for publication, However, 
in view of the unique opportunity that the Philippines present for 
the study of the richest known deposit of tektites in their natural 
environment, it is to be hoped that other local scientists may soon take 
a greater interest in this subject; and it is with the hope of stimu- 
lating such interest that I am presenting the present outline of the 
subject at this meeting and to the Phiilppine National Research 
Council, 


Lists of the most importnit tektlte Uterature, containing the full ciitions of 
the principal papers by Suess, Verbeck, Van der Voen, Summers, Michel, Lacrotx, 
Speneer, Fenner, von Eoenigewald, and the writer, together with important 
chronological jtema by Stretch, Waleott, Twelvetreea, Krause, Dunn, Grant, 
Golitachmldt, Easton, Macher, Paneth, David, deBoor, Selga, Martin, Janoschek, 
Koomans, (pik, La Fas, KaSpar, Heide, and otbers, aa referred to in the Beyer 
and Rufus papers, will be found onder the following tithes: 

1, Sores, Franz E. 

1900. Die Berkunft dor Moldavite and verwandter Gliser. Jahrb. Geni. 
Relcheanst., vol, 50, pp. 108-382, & ple, 00 text fea, ond bibl 
of 5S tities. 

= Sines, Puan EK. . 

1001-1014. Wiekschon mid Neneres fiber dle Tektitfrnge. Mitt Geol. 
Gea, Wien, vol, 7, pp. 51-121, 3 ple, and new hb. 

12. Les tectites de Tindochine Arch. Mus. Hist. Nat, ser. 6, vol. §, 
Pp. 108-236, 48 text tigs,, and bibl of $2 titles, Paris. 

4, Fro, CMAnees, 

MEM, 1055, 1088 Anstralitee Trone. Roy. Sec. Sonth Australia, pt. 1, 
vol 58: pt. 2 vol. 0: pt 3 vol @2: 6 pls, many text figs, ond 
bibl, of 126 titles in pt. 3. 

5. Berens, 0, Orrer, 

1030. A bibliography of tektites Manila. Llets 490 titles, with brief 

ohetracts and critica] notes, 
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SICAL PROPERTIES OF VIRUSES: 
By W. M. Stanuer 


Department of Animal and Plont Pathology 
The Rockefeller Inatilute for Medical Reagarch, Princeton, ¥. J. 


(With @ plates] 





Six years ago over a hundred viruses were recognized, yet it would 
have been virtually impossible to write then on the present subject, 
for at that time practically nothing was known about the chemical 

properties of viruses. ‘These agents, which are responsible for untold 
millions af illnesses and deaths amongst people, animals, and plants, 
recognized only by means of the diseases which they caused, 
diseases such as emallpox, parrot fever, yellow fever, St. Louis en- 
cephalitis, poliomyelitis, horse encephalomyelitis, foot-and-mouth 
disease of cattle, louping ill of sheep, hog cholera, rabies, dog distem- 
per, fowl pox, certain types of tumorous growths in fowls and other 
animals, jaundice of silkworms, and various yellows and mosaic dis- 
CASES of plants. ‘The general nature of the agents responsible for 
such diseases was a matter of much conjecture, When placed im 
certain living cells, these agents could multiply, mutate or undergo 
variation to form new strains, and induce immunity, They seemed 
to have many of the properties of very small living organisms euch. 
ns the bacteria; yet, unlike most bacteria, they were too small to be 
seen by means of the ordinary microseope and could not be induced 
to multiply in the absence of living cells, They were mysterious, 
invisible somethings which, in the absence of living cells, appeared 
as harmless and as lifeless as pebbles on the beach, but which, even 
after years of inactivity, were ready to spring into action and cause 
disease and death when introduced by chance or by design 1 : 
tain living cells. By virtue of their ability to mutate or form variants, 
they were able to change and adapt themselves to new surroundings 
and conditions and thus not only to retain but to enlarge their place 
ina changing world. The fact that the viruses were recognized only 
by means of the diseases which they caused and the fact that these 
diseases were becoming of increaging importance only served to add 


¥ fleprinted by permission from The Scientific Monthly, vol 53, September 101. 
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to the mantle of mystery which surrounded them and to intensify the 
challenge which they presented. | 

In 1935 4 tangible characteristic material possessing virus activity 
was isolated from Turlizh tobaceo plants disensed with tobacco mosaic 
virus and made avnilable for chemical study. The material, which 
appeared to be a nucleoprotein of enormous size possessing quite dis- 
tinctive properties, was obtained from every Jot of diseased Turkish 
tobaceo plants examined, The same material was obtained fram vari- 
ous, in some instances unrelated, species, of mosnic-diseased plants. 
Shghtly different, although closely related, nucleoproteins were iso- 
luted from plants diseased with strains of tobacco mosaic virus, ‘The 
purified preparations possessed properties which were characteristic, 
not of the hosts in which they were produced, but of the virus or virus 
strain. An unexpected finding was that mossic-diseased Turkish 
tobacco plants may contain as much as 1 part per 600 of the high 
molecular weight nucleoprotein, The amount of material isolable 
varied in other enses and appeared to depend upon the host and the 
strain of the virus, and in some instances was only a small fraction 
of the amount obtainable from mosaic-diseased ‘Turkish tobacco 
plants, To date nll attempts to separate tobacco mosaic virus activity 
from the nucleoprotein have failed and the material, which can be 
obtained in the form of long thin paracrystulline needles (pl. 1, fig. 1), 
has come to be regirded as erystalline tobaceo mosaic virus. The 
material provided the frst information regarding the general nature 
and chemical makeup of this virus and, although its exact nature was 
and remains a debntable matter, its isolation removed some of the 
mystery surrounding the general nature of viruses and served as an 
incentive for the search for similar materials in the case of othor virus 
diseases. 

‘The isolation of crystalline tobacco mosaic virus was followed by 
the preparation from various virus-liseased tissues of over 20 crys- 
talline or amorphous materials possessing some of the properties of 
the respective viruses or virus strains. In not every case has it been 
proved thst the material is essentially pure and consists of virus. 
However, in several cases it has been proved beyond a reasonable 
doubt that the materials consist of the respective viruses in an exeen- 
tially pure state, and in no instance has virus activity been obtained 
in the absence of the characteristic material. Owing chiefly to our 
older ideas of the nature of viruses, the crystullinity of some of the 
purified preparations may appear nt first as a rather spectacular 
property; yet, if these materials are considered as proteins, crystallin- 
ity becomes nn expected rather than an unexpected property, for 
many proteins are known to be crystallizable, Careful and mature 
consideration will reveal that erystallinity or the lack of crystallinity 
is of no special importance in connection with the purity or general 





nature of « material, but is important chiefly because it mokes it 
possible to obtain certain solubility and X-ray data which would 
otherwise bo unobtainable. 

There is not sufficient space for a detailed discussion of the 

chemical properties of all ihe preparations of purified viruses and, 
in order to provide you with an ides of their general chemical 
properties, I shall devote most of the text to the two virnees which 
have been extensively investigated from this standpoint, namely, 
tobacco mosaic and tomato bushy stunt viruses. These are typical 
viruses with respect to the essential and recognized characteristics of 
a virus; yet it must be admitted that euch has certain special prop- 
erties which make it an unusually favorable material for experi- 
mental work, Thus, tobacco mosaic virus is among the most stable of 
all viruses and reaches 9 concentration in Turkish tobacco plants 
which is far greater than that reached by most viruses in thet re- 
spective hosts even under the most favorable conditions, and bushy 
stunt is the only virus that has been obtained in the form of large 
rhombic dodecahedric crystals (pl. 1, fig. 2). However, there is: no 
more reason for regarding these viruses as atypical because of ench 
special properties than for regarding vaccine Virus 88 atypical be- 
cause of its unusually lurge size, or foot-and-mouth disesse virus as 
atypical because it is the smallest of all viruses. Tobacco mosaic and 
bushy stunt are plant diseases, and it has been nrgued that the viruses 
of plants differ fundamentally from those of animals and, hence, that 
information gleaned from studies on plant viruses has but little sig- 
nificance in connection with animal viruses. ‘This argument was 
based chiefly on the failure of plant viruses to grow in animals and 
of animal virnses to grow in plants, However, because there is no 
difference in the fundamental virus properties, T have always con- 
sidered this to be an erroneous viewpoint. Within the past few 
years, Fukushi secured strong evidence that rice dwarf disease virus 
multiplies i its insect vector, and Kunkel and more recently Black 
have obtained experimental evidence which demonstrates beyond th 
reasonable doubt that aster yellows virus can multiply in its insect 
vector. The growth of a plant virus in an animal provides further 
evidence in support of the conclusion that there is no fundamental 
difference between the viruses of plants and those of animals, Dif- 
ferent viruses must of necessity differ in certain of their properties, 
and # composite picture of viruses as a group will not be obtained 
until many viruses have been studied. 

Tobacco mosaic virus appears to be a conjugated protein contain- 
ing about 93 percent protein and 5 percent nucleic acid. ‘Tho latter 
has been found to contain uridylic acid, guanine, cytosine, and ade- 
nine, and to give a test for a pentose but not for a desoxypentose and, 
hence, appears to be of the yeast rather than of the thymus nucleic 
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acid type. Boy ao virus appears to contain about 89 percent 
protein and 17 percent of a nucleic acid of the same kind as that 
Tiaiudl Six tbpoub tibekin Sisal Tobaceo ring spot virus contains 40 
percent nucleic acid, the highest percentage yet found in a virus. This 
is also of the yeast nucleic acid type, but the elementary bodies of 
vaccinia and of psittacosis have been found to give # test character- 
istic of thymus nucleic acid. With the exception of a bacteriophage 
preparation obtained by Kalmanson and Bronfenbrenner and con- 
sidered to be « simple protein, all the purified virus preparations 0 
far obtained have been at least as complex as a nucleoprotein. This 
fuct may eventunlly prove of prime importance, for it may be re- 
ealled that chromosomes appear to consist almost exclusively of 
nucleoprotein. Some viruses appear to contain in addition some ear- 
bohydrate, others lipoid, and still others appear to be so complex 
that they may be indistinguishable from bacteria in composition. The 
distribution of amino acids in the protein component of tobacco mo- 
saic virus has been studied, and at present only the apparont absence 
of histidine and the lack of a preponderance of arginine and of 
other known basic amino acids are noteworthy, The complete amino 
acid distribution in strains of this virus and in other viruses has not 
been determined as yet, elthough such studies are in progress nnd 
may provide a clue to the reason for the specificity of viruses and 
possibly a means for distinguishing not only between viruses but 
also between the strains of a virus. For example, with Dr. Knight 
it has already been found that the amounts of certain aromatic 
amino acids vary with the strain of the virus. Annlysis of 12 prep- 
arations of tobacco moanic virns indicated the presence wf 3.5, 4.5, and 
6.0 percent of tyrosine, tryptophane, and phenylalanine, respectively, 
with maximum deviations of +01 percent for the tyrosine and +02 
percent for the tryptophane and phenylalanine values. The corre- 
sponding values in the case of the Holmes ribgrass strain of tobacc 
mosaic virus were 6.4, 3.6, and 4.3 percent and 8.8, 14, and 102 per- 
cent in the case of the closely related eocumber mosaio virus 4. These 
results are of considerable importance, since they show that the 
aera eat tohacco mosaic virus with the formation of a new 
strain w in turn canses a new disease may be accompanied 
aie in the amino acid composition of the virus. The fact that a 
phosphorus content, of the different strains was approximately the 
same may be taken as an indication of the absence of significant 
quantitative differences in the nucleic acid component of the strains. 
Because of the close similarity between the properties of virnses and 
those of the bearers of heredity, it is obvious that an extension of 
this work should provide information of a fundamental nature 
regarding the structural changes involved in the mutation within 
chromosomes. The nature of the structural alterations which must 
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Tobaceo mosaic virus contains 50 percent carbon, 7 percent hy- 


drogen, 14 percent nitrogen, 0.6 percent phosphorus, and .2 percent: 


cysteine sulfur. It has an ixoelectric point at pH 3.5, a density of 
1.37, und at a concentration of about 2 mg. per cc. a sine Gum 


constant of 174% 10 cm. in unit centrifugal field and a diffusion: 
constant of 8X10 sq. om. per sec. It has been estimated by indirect. 


methods that the particles of the virus are remarkably anisometrical 
and are about 400 mu in length and about 12 mp in diameter. Re- 
cantly, by direct observation by meuns of the electron microscope, Dr, 
Anderson and I found that most, of the particles in a dilute solution 
of the virus are about 250 ma in length and about 15 ma in diameter 
(pl. 1, fig. $), Several kinds of evidence indicate that the molecular 
weight of tobacco mosaic virus is sbout 60 millions: The value of 
17 millions, which was estimated several years ago when the asym- 
metry was unknown and which was based on an assumed asymmetry 
constant of 1.3, is incorrect, However, it is possible that different 
strains of tobacco mosaic virus may have different molecular weights, 
for the sedimentation constant of the aucuba moeaic strain is mens- 
urably larger than that of tobacco mosaic virus and the X-ray data 
indicate that the molecules of the former have the same diameter 
us that of the molecules of tobacco mosaic virus. Furthermore, Melch- 
ers and coworkers, in » study by means of the electron microseopa, 
found the molecules of the two strains of tobacco mosaic virus with 
which they worked to have particle lengths of about 190 mp and 
140 mp, 

Tobacco mosaic virns gives a sharp boundary and migrates at a 
uniform rate in the Tiselius electrophoresis apparatus (pl. 2, fig. 1), 
When carefully prepared, the virus gives a sharp boundary in the 
ultracentrifuge, but on treatment with salt at room temperature 
some of the particles appear to aggregate end-to-end to give & prep- 
aration which shows two boundaries in the ultracentrifuge, The 
second more rapidly sedimenting boundary is due apparently to fs 
component formed by the end-to-end aggregation of pairs of mole- 
cules (pl. 2, Ag, 2). Further aggregation yields a very inhomoge- 
necus product which shows a very broad boundary in the ultracen- 
trifuge. The sedimentation constant of tobacco mosaic virus hes 
been found to vary with the concentration, owing apparently to iInter- 
particle forces which become of considerable magnitude in concen- 
trated solutions, Solutions of tobacco mosaic virus exhibit st 
double refraction of flow and electrical double refraction, the former 
being due to the rodlike shape of the particle and the latter to the 
particle being asymmetrically charged, ¢ither permanently or as 4 
result of the electrical field (pl. 2, fig. 3). The fact that tobseco mosaic 
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virus shows strong double refraction of flow may prove of consider- 
able importance in apparently unrelated fields, for if necessary the 
virus could be prepared in pound lots or in larger amounts and used 
to study the flow currents in apparatus such as pumps and hydraulic 
rame or the nature of the flow when boats or projectiles move 
through « liquid (pl. 3, figs. 1 and 2), Moderately concentrated so- 
lutions of the virus, when allowed to stand, separate out into two 
distinct layers, the lower of which is spontaneously doubly refracting 
and the upper of which shows double refraction unly when caused to 
flow. Pellets of the virus obtained by ultraventrifugation are doubly 
refracting. The strains of tobacco mosaic virus and cucumber mosaic 
3 and 4 viruses hove properties somewhat similar te those just de- 
scribed, Latent mosaic virus of potato has a rodlike shape und ap- 
pears to be even more asymmetrical than tobacco mosaic virus, Tho 
layering phenomenon, the change in sedimentation constant with ¢on- 
centration, and certain of Bernal’s X-ray studies, of Lauffer’s. ob- 
servations on the electro-optical effect, and of Frampton’s studies on 
the thixotropic character of tobaceo mosaic viras indicate that im 
concentrated or moderately concentrated colutions there ure inter- 
particle forces which are effective over large distances. Although 
in the past the existencs of such long-range forces has been denied 
for theoretical reasons, Langmuir and Levine independently have 
recently shown that there are in fact good theoretical grounds for 
their existence. The demonstration of the existence of forces acting 
between molecules hundreds of A, units apart, and their acceptance 
from the standpoint of theory alone, may prove of great importance 
in connection with our theories of virus reproduction and other intra- 
cellular events such as the duplication of chromosomes. 

The carbon, hydrogen, and nitrogen contents of bushy stunt virus 
are about the came as those of tobacco mosaic virus. However, the 
phosphorus and sulfur contents of 1.5 and 04 to 0,8 percent, respec- 
tively, are considerably larger than those of tobacco mosnic virus. 
Bushy stunt virus hag a density of 1.65, a sedimentation constant of 
142 * 10, and a diffusion constant of 1.15%10*. A molecular weight 
of about 8 million and a particle diameter of about 26 ma may be cul- 
culated from these constants, Solutions of bushy stunt virus do not 
show double refraction of flow and the pellets obtained on ultracen- 
trifugation are isotropic. The particles of the virus appear to be 
essentially spherical in shape, Tho purified preparations are homo- 
geneous when examined in the ultracentrifuge or the Tiselius electro- 
phoresis apparatns (pl. 3,fig.3). Bushy stunt virus does not appear to 
be susceptible to the peculiar aggregation which seams to be a charac- 
teristic of the rod-shaped viruses and, unlike the Jatter, the sedimenta- 
tion constant is almost independent of the concentration. Several 
dther viruses have been found to be essentially spherical in shape. 
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Among these are alfalfa mosaic virus, which has a molecular weight of 
about 2 million and « diameter of about 16 mp, and the Shope rabbit 
papilloma virus, with a molecular weight of about 25 million and a 
diameter of about 40 ma. The olementary bodies of vaccinia have a 
diameter of about 225 ys, There is, therefore, a group of rod-shaped 
viruses and 4 group of viruses which are essentially spherical 1 in shape, 
although with the development of more precise techniques some of the 
latter may be found to be definitely ellipsoidal in shape. It should be 
emphasized that each virus has:a shape and a size which appear to. be 
quite definite and characteristic, regardless of the conditions or the 
host in which the virus is produced. However, neither this statement 
nor the statements relative to the homogeneity of virus preparations 
in the ultracentrifuge or electrophoresis apparatus are meant to imply 
that all the particles ina given virus preparation are exact replicas. 
The fact that variants continually arise during the production of virits 
would always insure the presence in purified preparations of « small 
amount of closely related although slightly different particles. There 
is other evidence, such as that obtained by Loring in solubility studies 
on tobacco mosaic virus, which indicates that the purified virus prepa- 
rations are not. absolutely homogeneons chemically but consist of a 
family of very clogely reluted structures. The general situation may 
not be far different from that which is now known to exist in the case 
of even very simple structures, such as sulfur, nitrogen, and hydro- 
gen, where families of isotopes are the rule rather than the exception. 
In this connection, it may be stated that the problems and relation- 
shipe which obtain with the tremendous virus structures are not well 
clarified at present, However, from a practical standpoint, there has 
been little difficulty as yet, for there are several instances in which, 
according to present techniques, there is a very high degree of chemical 
homogeneity. 

Tobacco mosnic, bushy stunt, and other virnses which have been ob- 
tained in purified form are good antigens. It is necessary, however, 
to inject animals with the viruses, for antibodies do not appear to be 
produced in plants. This may be due to the nature of plants for, 
despite much effort, no conclusive proof of the existence of antibodies 
in plants has been obtained, although Wallace secured some suggestive 
results with curly top virus. The serum of a rabbit injected with 
tobacco mosaic virus gives « specific precipitate with tobacco mosaic 
virtis and specifically neutralizes tobacco mosaic virus activity. This 
reaction has been studied with Dr, Anderson by means of the electron 
microscope and the ultracentrifuge. Electron micrographs of a mix- 
ture of virus and normal rabbit serum show virus particles of normal 
size, indicating little or no adsorption of particles from normal serum 
on the virus molecules (pl. 4, fig. 1). The sedimentation constant of 
tobacco mosaic virus is essentially unchanged in mixtures containing 
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normal rabbit seram or antisera to bushy stunt, ring spot, or latent 
Mosaic viruses, However, electron micrographs of a mixture of to- 
bacco mosaic virus and ‘tobacco mosaic virus antiserum from rabbits 
show particles about 00 mp wide, about 300 ma long and having fuzzy 
profiles (pl. 4, fig. 2), The increase in particle width and the fuzzy 
appearance are regarded as indicuting that the ends of asymmetrically 
shaped molecules from the serum react specifically with the virus 
molecules, No reaction between anti-tobacco mosaic virus serum and 
buehy stunt virts wus demonstrable either by means of the electron 
microscope or the ultracentrifuge (pl. 5, fig. 1): Bushy stunt virus is, 
however, specifically precipitated by its own antiserum (pl. 5, fig. 2). 
In general, a serological relationship may be demonstrated between 
different strains of the same virus, but not between different: viruses. 
However, Bawden and Pirie have found that a serological relationship 
exists between tobacco mosaic and cucumber mosaic 8 and 4 viruses. 
This fact and the fuct that other propertice of these virusea nro very 
similar may indicate a common origin for these viruses. Bawden and 
Pirie also noted that the precipitates of rod-shaped viruses with their 
antisera resembled those obtained with bacterial flagellar antigens, 
whereas those of the symmetrically shaped bushy stunt virus resembled 
thoee with somatic antigens. ‘Tobacco mosaic virus has been found not 
anaphylactogenic by the Schultz-Dale technique and only weakly ona- 
phylactogenic when tested in vivo. 

Viruses are inuctivated when subjected to excessive nmounta of 
ncid, alkali, oxidizing agents, formaldehyde, urea, ultraviolet light 
or heat. In general, the rate and the amount of the inactivation 
vary with the virus and with the severity of the treatment. Tobaceo 
mosine virus is stable between about pH 2 and pH & At more 
acid or more alkaline reactions the nucleoprotein is denatured and 
broken up into material of low molecular weight, and the virus 
activity appears to be irreversibly lost. There is some evidence that 
the virus first breaks into fairly large pieces and these then continue 
to break up into progressively smaller pieces, but more data will be 
required before an exact picture of the process may be obtainod. 
The disintegration of virus in urea provides another interesting 
process for study. In 6 M urea and 0.1 M phosphate buffer at pH 7, 
tobacco mosaic virus ig rapidly disrupted, with appearance of free 
sulfhydry! groups, into low molecular weight protein components 
which contain no nucleic acid, exhibit no double refraction of flow, 
are insoluble in dilute buffers, and possess no virns activity, The mte 
of the disintegration varies widely with the concentration of urea, the 
concentration of electrolyte, the type of dlectrolyte, the hydrogen-ion 
concentration end the temperature. The bonds which hold the com- 
ponent parts of the virns together xppear to be relessed and satis- 
fied by those of the urea, for the virus structure literally flies apart. 











It is obvious that studies on these split products should reveal in- 
formation concerning the nature of the components making wp the 
virus and perhaps furnish a clue as to the mode of synthesis of the 
virus. Materials similar in structure to urea, such as guanidine, as 
well as apparently unrelated substances, such as sodium dodecyl 
sulfate, also cause disintegration of the virus, Enzymes have been 
found to eatse the break-up of certain virtises. Neither tobacco mo- 
sale nor bushy stunt virus is split by trypein, but this enzyme causes | 
the rapid hydrolysis of alfalfa mosaic virus, Tobscco mosaic virus | 
appears to be digested slowly by pepsin, although the rate of hydroly- 
sis is much slower than might have been anticipated. All viruses 
appear to be denatured by heat, and the temperature at which de- 
naturation occurs depends upon the virus and to some extent upon 
conditions such as the hydrogen-ion concentration and the kind of 
Salts present. 

In the heat and other types of dennturation reactions that have 
just been described, there is amore or less complete disintegration of 
the virus structure and the products which are formed do not have 
the properties which characterized the intact virus. They are of 
low molecular weight, do not react serologically with antiserum to 
virus, and do not induce the formation of antibodies which neutral- 
ize virus, It has been found possible, however, to inactivate virnses 
without such a complete disintegration of structure. When tobacco 
mosaic yirus is treated with mild oxidizing agents, formuldeliyda, 
nitrous acid, or ultraviolet light, the properties of the resulting ma- 
terials tire, with the exception of virus activity, very similar to those 
of the intact virus, For example, the size and shape are not meas- 
urably affected, the materinla give a precipitin reaction with anti- 
serum to active virus, and, perhaps most important, the injection of 
the inactive materials gives rise to the production of. antibodies 
which will specifically neutralize tobacco mosaic virns activity. It 
appears that these treatments cause no great change in the general 
topography of the virus structure, but bring about changes that are 
very small with respect to tha structure as a whole but which are 
nevertheless sufficiently definite to cause the loss of virus activity. 
This fact may be quite important in connection with efforts to pro- 
tect ourselves against the devastating effects-of virus diseases, As 
you may know, in the three general methods of protection: which 
ure now employed, active virus plus immune serum, active virus: 
usually of a strain that will cause m less severe disease, or inactivated 
virus is used to secure immunization. The second method is used 
extensively and successfully in the protection against smallpox, 
yellow fever, and certain other virus diseases, and the third method, 
which has proved less antisfactory, has been used with claims for. 
success for many viruses such as hog cholera, rinderpest, dog dis- 
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temper, influenza, and others. It is now being widely employed in 
the case of equine encephalomyelitis virus. In the second method, 
the production of a strain which will cause an innocuous disease 
but which will immunize against virulent strains is moet important. 
In the third method, the production of an inactivated virus which 
will, upon injection, immunize against active virus is most Important. 
It: seems likely that many of the failures to achieve the latter reanlt 
have been due to the use of methods of inactivation which cause too 
great s change in the structure of the virus. In our studies of the 
viruses which we have purified, we have found that the seme pro- 
cedure which will inactivate a given virus without causing wide- 
spread lose of structure and loss of characteristic antigenic proper- 
ties will cause the complete disintegration and loss of characteristic 
antigenic properties in another virus. It is obvious, therefore, that 
it is of extreme importance that viruses be obtained in purified form 
und studied so that for each virus a method may be evolved for in- 
activating the virus without destroying its immunizing potency. ‘The 
change in structure that resulls in inactivation need not necessarily 
be very great, und it may even be reversible. For example, we have 
found that the inactivation resulting from the addition of formalde- 
hyde to tobaceo mosaic virus may be reversed and active virus once 
again prepared from the inactive material, The fact that this 
reaction may be reversed is some indication that a major change m 
structure is not involved. 

Closely related to the general problem of inactivating viruses with 
the least possible change in structure are the studies on ways and 
of prodticing the less virulent strains of » virus which are so important 
in connection with the second general method of immunization. Bo 
fur, the production of less virulent strains which have proved of great 
practical importance has been achieved by the simple expedient of 
passing the virus through another host. Thus, a strain of virus which 
will protect against emallpox may be obtained by infecting a calf with 
smallpox virus and reisdlating the virus produced after several, pas- 
sages in calves, A useful strain of yellow fever virus was secured in 
a similar manner by Theiler by passage through mouse brains. The 
change in environment during the production of virus in the second 
host apparently results in the production or selection of a strain of 
virus which is much less virulent in the first host. Practically nothing 
is known as to why a less virulent strain is prepared or of the change 
in structure which must be involved. However, it does not appear un- 
reasonable to expect that definite chemical reactions which result in 
change in the structure of a given virus without causing inactivation 
will achieve the same result and yield strains of the virus, some of 
which may canse-a less virulent disease and be weeful for inmmuniza- 
tion against virulent strains. Leaves diseased with different strains 
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of tobacco mosaic virus ure shown in plate 6, Some progrees-has been 
made in studies on methods for changing the chemical structure of 
tobacco mosaic virus without causing a loss of virus activity. Dr. 
Anson and I found that the sulfhydryl groups of the virus can be 
abolished by reaction with iodine and the altered virus still retains its 
normal biological activity us shown by-the number of lesions it causes 
on Nicotiana giutinosa plants and by the characteristic disense pro- 
duced in Turkish tobacco plants. Since the virus isolated from the 
latter plants had the normal number of sulfhydryl groups, the struc- 
tural change caused by iodine treatment was not perpetuated in sub- 
sequent generations of the virus. Beenuse of the possibility that the 
iodine-altared virus might be reduced to normal virus within the 
plant eells, other reactions of » lesa readily reversible nature were 
sought. With Dr, Miller it was demonstrated that most of the amino 
groups of tobacco mosaic virus may be acetylated by means of ketene 
without causing a measurable change in the specific virus activity or 
in the nature of the disease produced in Turkish tobacco plants. Since. 
it seems unlikely that the acetyl groups are removed on inoculation of 
the modified virus to plants, the fact that the virus produced in such 
plants contains the normal amount of amino nitrogen may be regarded 
as evidence that the modified virus actually brings about the production 
of normal or unmodified virus. Similar results have been obtained 
with virus modified by the introduction of about 3,000 phenylureido 
groups per molecule of virus by means of reaction with phenyliso- 
cyanate. These results demonetrate that.a large portion of the surface 
structure of the virus:may be changed without interfering with the 
basic reaction of virus’ reproduction, Other reactions are being 
studied tn an effort to secure modifications that will be perpetuated 
in subsequent generations of the virus. The purposeful production 
of new and useful strains by chemical means is one of the major prob- 
lems in the virus field and its solution will be of tremendous im- 
portance not only from a practical standpoint but also in connection 
with the larger and fundamental problem of the nuture of virns ne- 
tivity. The latter problem, the inactivation problem and the problem 
of induced mutation are all so closely related that it ig impossible to 
attack one without attacking the others and simultaneously funda- 
mental problems in other fields, such as the origin of a cancerous cell, 
the duplication of » chromosome, the mutation of a gene, and even 
perhaps the nature of that ill-defined something called life. 

Although we do not know how viruses originate, reproduce, or 
mutate, we have learned much about their chemical properties during 
the pust 5 years. We know that for every reasonably stable virus 
which has been investigated there is a definite, characteristic, high 
molecular weight material which is at least, as complex as a nucleo- 
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protein. The properties of these materials may differ widely, al- 
though in each instance the size, shape, and chemical and other prop- 
erties are the same regardless of the source of the virus. The proper- 
ties of materials from strains of the same virus.are similar although 
slightly different. The amounts of the materials that may be ob- 
tained differ tremendously and appear to depend upon the host and 
the virusor virusstrain. The materials appear to be reasonably homo- 
geneous when curefully prepared. Many different types of experi- 
ments have demonstrated # direct correlation between the integrity 
of structure of a given material and its virus activity. Because of this 
and because it has not been found possible to separate virus activity 
from these materials, there is reason to believe that they are the 
viruses, They appear to have the properties of molecules and in 
addition the property of virus activity, » kind of property usually 
assigned to organisms and one which has not heretofore been ascribed 
to molecules, Some may wish to consider that there isa sharp line of 
division between. molecules and organisms and that viruses belong 
wholly in one or the other of these two groups. Others may wish to 
retain the sharp line of division but place some viruses in one group 
and other viruses in the second group. However, to a chemist it ap- 


pears preferable to consider that virus activity may be a property of 


molecules, that there may be no sharp line of division between mole- 
cules and organisms, and that the viruses may provide the transition 
between the two, One virus hag been inactivated and reactivated, and 
some idea gained of the accompanying change in structure. Studies 
on the elementary composition, the amino acid distribution, the amount 
and kind of nucleic acid, the immunologica! reactions, the effect of dif- 
ferent enzymes, the pH and thermal stubility ranges, and the effect of 
many different kinds of chemicals have been completed on come of the 
viruses. Extensive studies of the physital properties have also been 
made and the existence of long-range forces between molecules haz 
been demonstrated. There is every reason to believe thut the ex- 
tension of these studies will eventually result in the solution of the 
more fundamental problems related to the viruses, such as the nature 
of their origin, reproduction, and mutation. 
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INDUSTRIAL DEVELOPMENT OF SYNTHETIO 


By Rantotrn TT, Mazon 
Merck d Co., Ino, Rahway, N. J, 


[With 1 plate) 

Mueh is written, both scientific and unscientific, in the papers and 
magazines of this country today about vitamins. In spite of this it 
might be well to define the word “vitamin” first. In the large un- 
abridged dictionary in the writer’s home, on the page where the word 
“vitamin” should be, may be found such words as “yvisitatorial,” 
“Witaceas,” “vitellarian,” “vitelin,” and “yitex"—but no word “vita- 
min.” Later it was found listed in a separate place among new 
words. The front page of the dictionary shows that it was published 
in 1930, This obs on gives soma concept of tha speed with 
which vitamins have become common knowledge. 

As recently as 2 years ago, some people did not know the nature of 
vitamins. The purchasing agent of a large company which hus « fine 
scientific laboratory visited us at that time. The discussion turned 
to vitamins, He said, “I am interested in vitamins, but I suppose no 
one » has: aver actually seen ond handled a vitamin. Vitamins are 

thing like electricity, aren't they?” He was taken into one of 
the laboratories and shown a bottle full of crystalline vitamin By. 
He was amazed. 

For the purpose of this discussion vitamins might be defined as 
organic substances normally present in minute quantities in certain 
foodstuffs, the absence of which in the diet leads to well-defined mor- 
bid states. 

The older so-called natural vitamins, vitamins A and D, will be 
mentioned very briefly. As you know, vitamins A and D, found in 
fish liver oils, are used in the treatment of rickets, especially in chil- 
dren and particularly during the winter, for the development of 
proper teeth, for the treatment of night- blindness, and for building 
up resistance to infection. Tablets and capsules of concentrates of 
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these vitamins in irradiated foods are available today. These vita- 
mins have not been synthesized gs yet, at least on a commercial scale. 
Certain individuals have elainied that they have synthesized concen- 
trates of these vitamins, but they are not available generally. 

Vitamm C, or ascorbic acid, was the. first synthetic vitamin to be 
introduced commercially. It is used in the treatment and prevention 
of scurvy, some types of dental caries, and other disorders, It is 
available on the market in various pharnuiceutical forms, and is pul 
into beverages, confectionery, and certain special foode, 

When interest was aroveed in vitamin C a number of years ago, 
a little synthetic vitamin C was shown to a leading biochemist in an 
eastern university and he was asked, “What good do you think this 
will have!” His remarks, based upon his work in biochemistry over 
a good many years, were us follows: 

1 think that it will find a place on the mussum ebelves of a number of 
hniversitics, particularly af the biochemical departinente, [ (hink a fow blr 
ehemivts wo) a few pharmacoligista will be interested In examinlig {t. I do 
not think there will be any bogines in it, There le plenty of vitamin C 
available naturally ia fruits, particularily in citrus fruits. 

In contrast to this the United States Tariff Commission reports 
that in 140 17 tone of vitamin C were produced synthetically in this 
country. From a reliable source comes the information that very 
shortly there will be 80 to 100 tons of vitamin C synthesized in this 
country annually, 

In figure 1 is shown what happened to the price of vitamin C from 
the time natural ascorbic acid became commercially available in 104 
at something like $212 per eunce to the present, when synthetic 
wscorbic acid may be had for $1.65 an ounce, Figure 1 also shows the 
tremendous drop in price when synthetic vitamin C first became 
available in 1037.. Vitamin B, or thiamine is wsed in the prevention 
and treatment of beriberi, of lock of appetite in children, and of 
neuritis of various types. It is available in the various pharma- 
ceutical forms, ag well as in medicinal foods, Moreover, a new use 
for vitamin B, has developed which was not anticipated until re- 
cently. It is used in the enrichment, of flour of which it is reliably 
stated that 40 percent of the flour used in our homes and 34 percent 
of the bakery flour used in this country is being enriched with vitamin 
B, today. Each pound of that flour must contain not less than 1.06 
mg. of vitamin B,. 

Vitamin B, was not introduced ito flour without encountering 
difficulties, One such difficulty is illustrated by the case of one of our 
good Jewish friends, When be heard that synthetic vitamin B, was 
being put in bread, he was greatly worried and inquired whether 
Jewish people might eat this bread. In other words, was it “kosher.” 
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Fortunately for the enrichment program and also for our Jewish 
friends, it was determined to be kosher. 

Some may wonder why an effort is being made to enrich white 
flour rather than to encourage more widespread use of whole wheat 
flour. That is too long a story to discuss here, but the following 
quotation from Osear Wilde's “De Profundis” may prove interesting. 
In describing a man who had been in jail for some time, he wrote: 


Some six weeks ngo I wos allowed by the doctor to have white bread to eat 
Instead of the coare: black or brown bread of ordinary prison fare It le oa 
great delleacy. It will sound atrange that dry bread could possibly be « delicacy 
to anyone. To me it is 6 moch #0 that at the close of each meal J carefully 
eit whatever crumbs may be left on my tin plate 
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The Army and Navy have specified that the bread baked for the 
soldiers and cailors must all be enriched. South Carolina has re- 
cently passed a Inw that requires the enrichment of all white flour 
used in the state, 

Vitamin B, became available only in very recent years. Figure 9 
ilJustrates the remarkable decrease in price that has occurred ag the 
use of vitamin B, hos grown. Tn 1945 when natural vitamin B, be- 
came available, it cost about $300 per gram. In 1937 when the syn- 
thetic vitamin was first sold, the price dropped to $7.50. The drop 
has continued until it is now being sold for $0.53 per gram. It is 
reliably stated vitamin B, will soon be made in this country at tho 
rate of 25 to 30 tons annually, 
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Another commercially important vitamin is nicotinic acid, or 
niacin, a8 it is called for the benefit of those who object to consuming 
nicotinic acid because they associate the name with nicotine. It is 
used im the cure and prevention of pellagra and is available on the 
market in various pharmaceutical forms, sometimes in combination 
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with other vitamins and sometimes alone. It is available in medli- 
cinal foods and is added to all the enriched flour previously men- 
tioned, in comnection with vitamin B,. Each pound of enriched 
flour must contain not less than 6 mg. of niacin. 

The trend of the price of nicotinic acid since 1937 is shown in 
figure 3. The price of nicotinic acid in bulk has dropped from 335 
per pound in 1937 to $6.50 per pound in February 142. The de- 
crease In price has not been so marked as in the case of some of the 
other vitamins, since Nicotinic acid is an old, well-known compound. 
It is interesting, however, that increasing volume of production along 
with chemical and engineering studies has made it possible to de- 
crease the price to the figure indicated, especially in times of gen- 
erally rising prices. 






o 


ler 


oo 


3 


1938 i939  ~#«©1940 = «94 1842. 


Fiottex 4—Hibotly sin. 


BULK PRICE IN DOLLARS PER GRAM 
wo 


Riboflavin (vitamin B,) is used in the treatment of certain fissures 
of the lips and keratitis, a certain type of inflammation of the eves, 
and also in the poultry industry to stimulate ego production. It is 
available in pharmaceutical preparations and in medicinal foods. 
Beginning July 1, 1942, it will be required in enriched flour if suf- 
ficient riboflavin is available then to enrich the enormous quantity 
of flour needed in this country. This requirement may have to be 
deferred for a few months because of a shortage of riboflavin owing 
to the difficulties that have been encountered in obtaining eqnipment 
necessary for ite manufacture in sufficient quantity, For the enrich- 
ment of flour 12 mg. of riboflavin are required per pound of flour. 
The interest in riboflavin has also grown rapidly, In figure 4 is 
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presented the history of the bulk price of riboflavin, beginning in 
19138 when synthetic riboflavin in bulle first became available at $17.50 
per gram to the present time when it may be had for $1.25 per gram. 
This picture is not so striking ns in the cases of vitamin C and vita- 
min B, since riboflavin has not yet been produced in as large quan- 
tities. Undoubtedly, however, the price of riboflavin will be lowered 
as production increases, 

All the vitamins discussed in the preceding paragraphs have very 
definite, well-defined uses. The valne of the next two vitamins to be 
discussed is not so well known. There are indications that the first 
of these, vitamin B,, may be of value in the treatment of certain 


m9 


o 


E) 


nm 





: 
: 
d 
= 
o 
= 
3 





i939 i9602~—SCO 4 


Frovae fi—Vitamin Be 


muscular rigidities, in paralysis agitans, nnd perhaps for other condi- 
tions, In spite of this, however, there is considerable interest in this 
vitamin, the synthesis of which was first reported in 1939. Figure 5 
presents the effect of increased production on its price since 1939, 

As is the case with vitamin B,, the biological and medical value of 
the next vitamin, calcium pantothenate, is poorly defined. However, 
everywhere one goes the value of pantothenic acid in the cure and 
prevention of white or gray hair is discussed. 

In plate 1, figure 1, is shown a black rut whose fur has turned gray 
owing to a deficiency of pantothenic acid in its diet. Administration 
of pantothenic acid would change this fur back to its natural color. 
The Good Housekeeping Institute has publiched a statement thot it 
is possible to change a human being's gray hair back to normal by the 
use of pantothenic acid. On the west coast calcium pantothenute is 
being added to a large proportion of the milk sold. Pantothenic acid 
in the form of its calcium salt is available in yarious pharmaceutical 
forms. In figure 6 is presented the change in price of calcium pan- 
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tothenate that has occurred with increasing use. Note that it was 
first made available just two years ago—in 1040. 

There are a number of other vitamins that may be termed parts of 
the vitamin B complex. Among them are inositol which Dr, Woolley, 
of the Rockefeller Institute, observed hus certain effects on the hair of 
mice, p-aminobenzoic acid which was proposed as a vitamin by another 
New Yorker, choline, and biotin. There are others, but they appear 
to be of still less importance, at least at this time. 
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Two fat-soluble vitamins have been synthesized. One of these, 
vitamin K, is generally used in two forms—first as vitamin K,, and 
second as 2-methylnaphthoquinone. Both of these compounds de- 
eresse the clotting time of the blood and are used in patients before 
operations, particularly in people suffering from jaundice, and also at 

The other synthetic fat-soluble vitamin, vitamin E, or «-tocophe- 
rol, is essential for proper reproduction in rats, but its value in human 
beings is quite uncertain. It may be of value im the correction of 
human sterility; and it may be important in the treatment of certain 
neuromuscular disorders. 


DEVELOPMENT OF OUR ENOWLEDGE OF SYNTHETIC VITAMINS 


Scurvy, a disease consed by lack of vitamin C, hus been recognized 
for many, many years. It wag a scourge to those who traveled long 
distances by boat until quite modern times. Many sailors and pas- 
sengers on long voynges before the nineteenth century died of this 
disease before they reached their journey’s end, But in 1804 the regu- 
lar issue of a ration of lemon juice was made compulsory in the British 
Navy and thereafter scurvy was a comparatively rare disease among 
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British sailors. However, before vitamin C was isolated, the whole 
concept of some diseases being due to the lack of certain so-called 
accessory factors lind to be recognized by scientists and much experi- 

mental work on animals performed. It was fownd that the guinea pig 
suffered from scurry and was « suitable experimental animal for these 
studies. Using this anima] as an indicator of activity it Was possi- 

ble by various methods of fractionation and geparation to isolate 
crystalline vitamin C. 

Vitamin © was isolated and first recognized as a vitamin by two 
American biochemists, Waugh and King, in 1982, After they had 
isolated vitamin C, using the guinea pig as an indientor of the activity 
of their fractions, it was found that the same material had been iso- 
lated from adrenal glands previously by a Hungarian, Szent-Gyirgyi, 

1928. However, Szunt-Gyorgyi had not recognized that he had had 
vitamin C in his hands Subsequent to the successful isolation of 
vitamin C, chemists became interested in its structure ond synthesis. 
In 1938 chemists in Te ee ee ene 
C after the structure had first been determined. One of these early 
syitheses is due to Reichstein, in which xylosone is converted to a 
nitril, hydrolyzed to the 2-keto sugar avid, and finally converted to 
ascorbic acid. This did not prove a very satisfactory commercial 
synthesis, because it started with xylose or lyxose, both of which are 
not readily available. .A more successful synthesis, also dus to Reich- 
stein, used the readily available sugar, glucose, as raw material. 
Glucose was hydrogenated to sorbitol, converted to sorbose, then to 
diacetone sorbose, and then oxidized to 2-keto--gulonic acid which was 
converted into vitamin C, Among the other scientists who did con- 
siderable work on the synthesis of this vitamin are Karrer, Haworth, 

Tho first manufacture of natural vitamin C in this country took 
pince in 1934, It was made from gladiolus leaves, which had been 
found to contain o relatively high percent of vitamin C. Fields of 
gladioli were planted in the vicinity of the author's company’s factory. 
Many difficulties were encountered in collecting and extracting the 
planta on the day that they were cut. 

_ Synthetic ascorbic acid was first made available in the United 
States in 1937. 

Beriberi, the disease caused by the Inck of vitamin B,, was also recog- 
nized. many years ago. Beeause so many people in the Orient have 
suffered from this disease, the attention of medical scientists was 
attracted to it at an early date. Most of the early work was carried 
on in the Orient. Takaki, the director-general of the Japanese Navy 
Medical Service, was able to banish beriberi from the Jupanese Navy 
in 1882 by increasing the allowance of vegetables, fish, and meat in 
the navy diet and by using barley instead of polished rice, He recog- 
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nized that beriberi was caused by a badly balanced diet, but that is as 
far as his studies carried him. 

In 1897, a Dutchman named Eijkman, working in Batavia, Java, 
found that beriberi resulted from continuous consumption of decorti- 
eated rice. He used the pigeon (pl. 1, fig. 2) as his test animal, In 
1928, Jansen and Donath, working in the same laboratory as Eijkman,. 
first isolated vitamin B, in minute quantities from rice polich, BR. R. 
Williams, who started work some 30 years ago on the same problem 
in the Philippines, developed a practical method of isolating Jarger 
quantities of vitamin B, a few years later. However, it Was soon 
obvious that large-scale equipment and chemical engineering skill 
would be required to produce the quantities of vitamin B, that were 
required to settle the structure of this vitamin. Dr. Williams turned 
to the author’s laboratories for help on his problem. Larger quan- 
tities of vitamin B, were isolated and the structure of the vitamin was 
definitely established. Dr. Williams had previously carried out 4 
crucial experiment, in which he had found that with sodium sulfite 
the vitamin could be split into two parts, a nitrogen-containing sul- 
fonic acid and a sulfur-contaiming alcohol. In collaboration with 
Hans Clarke of Columbia University the latter was shown to be a 
thiazole derivative. After considerable additional work, the struc- 
ture of the remaining fragment was determined by Dr. Williams and 
by Dr, Cline of our Inboratory, and the synthesis was accomplished 
following an earlier synthesis of the thiazole moiety by Buchman 
and by Clarke and his associates. Independently the vitamin was 
synthesized by others, among them being Grewe, Andersag, and 
Westphal, and Todd and his associates. Two of these syntheses are 
graphically shown in figures T and &. 

A good many strictly technical difficulties have been encountered 
in the manufacture of vitamin B,. The synthesia of the vitamin 
involves a good many reactions, some of which are very complex. 

Other troubles were also encountered in its manufacture, One 
particular step, in days gone by, was especially affected by its aceom- 
panying odor. One man was finally moved to quit. When asked the 
reason, he claimed that his gir) left him in the middle of the dance 
floor! His odor had overcome his charm! Many people leaving 
work would have a slight but definite odor of burnt rubber, | 
supervisor, on going to a movie, was somewhat embarrassed when 
the Indy next to him rose and informed the manager that there was 
short circuit or something burning near her, The manager, ushers, 
the lady, and others gave the aren a careful inspection to find what 
was burning. However, the man was resourceful—he got down on 
his hands and knees and joined the search, 

In 1915 Goldberger, 2 United States Public Health official, recog- 
nized that dietary deficiencies might play an important role in the 
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development of pellagra, a disease that was common in our southern 
States. It is reported that 400,000 to 500,000 people suffered from 
this disease every year. Investigations by Elvehjem Jed to his demon- 
stration in 1937 that nicotinic acid would cure black tongue in dogs, a 
condition analogous to pellagra in man. Previous to 1937 nicotinic 
acid had been isolated from rice polish, liver, ete., but mo one had 
recognized the significance of theze findings. In 1988 Spies and his 
coworkers reported that nicotinic acid (niacin) was effective in the 
treatment of human pellagra, and its use naturally has spread rapidly. 
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Nicotinic acid was first prepared in 1867 by Huber by the oxidation 
of nicotine with potassium chromate and sulfuric acid. Later it was 
found that nitric acid could be used us the oxidizing agent, Nicotinic 
acid may be made also by other methods, such as the oxidation of 
quinoline or 8-picoline or by the bromination of pyridine, followed 
by its conversion to the nitril of nicotinic acid and then by hydrolysis. 
Nicotinic acid is made in large quantities by processes such ns these. 





SYNTHETIC VITAMINS— MAJOR 283 


Early in the work on the vitamins, it was recognized ihat there 
were wt least. two water-soluble so-called B vitamins, one stuble to 
heat and the other unstable. ‘The latter was designated vitamin B,, 
and the other, the heat-stable factor, was termed vitamin B,. Later 
is wus found there were several heat-stable factors, all connie) for 
the growth of the rat. Using this animal in his teste, Kuhn and 
others showed in 1933 that one of the heat-stable factors, later termed 
riboflavin, was the same os a widely distributed and previously 
deseribed yellow pigment in milk, liver, ete. He isolated the pigment 
from egy white and determined tia structure. Both Kuhn and Karrer 
synthesized riboflavin in 195, Karrer’s synthesis is shown in figure 
9. Other méthods have been developed in this country for the synthe- 
sis of riboflavin. 
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Chem, Soc. 1037, p. 304.) 


Medical interest. in this vitamin dates from the work of Sebreil and 
Butler m 1938 who found that it prevented and cured certuin fissures 
in the corners of the mouths of human beings. Two years ago Syden- 
etricker found that it prevented and cured a certain type of keratitis. 
Receit examinations with the so-called slit lamp indicate that there 
may be a very widespread deficiency of riboflavin in the diet in this 
country. 

In the manufacture of riboflavin the principal difficulty encountered 
has been the production of the ribose part of the molecule. Of course 
ribose is a very rare sugar. It has involved much work by night and 
by day, including Saturdays and Sundays, to find a good manufactur- 
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ing process for ribuaflavin. It is one thing to make such a compound 
in the laboratory when one is interested in making perhaps a gram 
or two of it, but quite another thing to do it on « large scale with rea- 
sonahly good yields. The manufacture of these vitamins is carried 
out in typical manufacturing equipment, although it is not made on 
anywhere near the scale to which our friends in the heavy chemical 
industry are accustomed. 

During the course of Goldberger’s work on the pellagra-preventing 
factor, he was able to produce a syndrome in rata which was called rat 
pellagra when the rats were fed on diets deficient in this pellugra- 
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preventing factor, However, in a A rat pellagra 
was not caused by a deficiency of the pellagra-preventing factor but 
by a deficiency of a separate factor which he termed vitamin B,, now 
known as pyridoxine. This compound wae isolated by Drs. Keresztesy 
and Stevens in the Merck Laboratories and wt about the came time in 
other Jaboratories by Lepkovsky, Kuhn, and Ichiba and Michi. Its 
synthesis was accomplished in the Merck Laboratories in 1989 by Drs. 
Harris and Folkers. As may be seen from figure 10, the synthesis is 
not simple, but in epite of this a number of good classical organic 
reactions have been used in its preparation. 
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In 1933 R..J. Williams discovered an acidic substance which occurred 
in many natural products that would stimulate the growth of yeast. 
In the meantime other workers lad found that chicks bred under cer- 
tain special dietary conditions developed a dermatitis which was attrib- 
uted to the lack of » so-called filtrate factor. In 1939 Elvehjem and 
Lepkoveky and Jukes found that highly active concentrates of panto- 
thenie acid would cure this chick dermatitis (pl. 1, fig. 3). Previously 
Williams had isolated a somewhat crude preparation of pantothenic 
acid from natural sources, He had shown that pantothenic acid was 
formed by the combination of #-alanine with a hydroxy acid. Aftor 
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Fiovee J0.—Harri¢ und Folkers synthesis of vitamin Bi (Hurris and Folkers, 
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the announcement of the probable identity of pantothenic acid with 
the so-called filtrate factor for chicks the collaboration of our labora- 
tory wns enlisted in the investigation of the structure of this acid. 
First the hydroxy acid was isolated from natural sources in the form 
of its lactone. 'This was shown to be the levo form of e-hydroxy-8.- 
dimethyl-y-bntyrolactone. It was soon synthesized. Pantothenic 
acid was obtained by combining this lactone with salts of 8-alanine 
or ite ester followed by hydrolysis. Synthesis of pantothenic acid 
made it possible to establish without further question the identity of 
the chick “filtrate factor” with pantothenic acid. 

As was mentioned pri iously, there has been a growing demand for 
ealcium pantothenate and it is being manufactured in relatively large 


quantities. 
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In a study extending from 1929 to 1934 Dam and his asenciates de- 
seribed « deficiency diseas of chicks which was characterized by o 
inurked tendency to bleed. It was chown that the clotting time of 
the blood of chicks suffering from this disease was greatly prolonged. 
Dam found that liog liver contained a fat-soluble factor which would 
correct this condition. He termed it vitamin K. Snhsequently Alm- 
quist obtained highly potent concentrates from alfalfa. Later Doiay 
and his associates suceeded in isolating what they termed vitamin 
RK, in alfalfa and Ky in fish meal. The structure of the more important 
of these, vitamin K,, was found to be 2- methyl-3-phytylnaphthoqui 
none. Doisy, Fieser, and Almquist synthesized it in 1039. Sulse- 
quently it was announced by Fernholz and Ansbacher that 2-methyl- 
naphthoquinone was a3 active as, or possibly more active than, vitamin 
K, or vitamin K,. The manufacture of vitamin K, for use in iaedidina 
isnot great. Larger amounts of the cheaper 2-nethyinaphthoquinone 
are tsed, 

In a study dating back to 1922 Evans and his collaboritors have 
found that a dietary constituent is necessary for normal reprodyction 
of rats. It wus found that wheat germ oil was a rich source of this 
factor which has been termed vitamin Eor tocopherol. It was pres- 
ent in ether natural oils also. Concentrates of these oils were made 
and crystalline derivatives of vitamin E, or a-tocopherol as it lias 
hecome known, were prepared, Subsequently other tocopherole— 
anaty: B- and y-tocopherols—were found which differ from a-toco- 
pherol in the number of methyl groups contained nbout the chromane 
nucleus of the molecule. The structure of a-tocopherol was deter- 
mined by Fernholz in our loboratory and the synthesis was accom- 
plished by Karrer in Switzerland, Todd in England, and Lee I, Smith 
of the University of Minnesota in this country. 

The importance of cooperation among gicademic laboratories, ré- 
search institutes, and industry, and the need for a friendly mnder- 
standing by each of the needs, goals, and problems of the others 
cannot be emphasized too much. The growth of modern industry is 
almost entirely dependent upon the great advances in pure science, 
Industry too has contributed much, It has made the findings of the 
pure scientist available to society, Discoveries in pure science are 
apt to become and remain sterile from the point of view of society 
nnless industry makes use of them in some way. Examples of the 
great developments in industry based upon pure science are found in 
the great electrical industry which is so largely based upon the work 
of Faraday and other great pure scientists, or in the development of 
the dye industry which is based upon the work of the orgunic chem- 
iets of this country and abroad. This list could be increased almost 
ad infinitum. 
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Industry contributes to pure science by financially supporting 
research in universities and research institutes, It has made aperrs! 
chenticals, facilities for large-scale work, bioassays, and other expen 
sive analyses and ussays available to academic workers. It 1s very 
important that this work be continued, and it is very important too 
that it be continued to the mutial satisfaction of both the parties con- 
cerned, ‘To attain this it is essential that the two groups understand 
what exch is trying to achieve. The primary purposes of the aca- 
demic institutions, of course, are the training of youth and the expan- 
sion and extension of man’s mental horizons. Thesa purposes are 
significant and important. The purpose and reason for the existence 
of the manufacturing industries are, of course, to manufacture and 
sel] something that people want and need—in other words, to satisfy 
demands for some article or material, In doing this patents play an 
extremely important role. Patent protection on new process or 
product is often necessary to obtain the money necessury for the 
equipment and facilities required to begin manufacture. Many writ- 
ers state that the American patent system is responsible in no small 
measure for the remarkable development of American industry. 
However, the subject of patents is one on which the views of many 
acidamic investigators and industrial research investigators und busi- 
ness men differ widely. To achieve any real cooperation it is most 
important that both academic and industrial scientists achieve as thor- 
ough an understanding as possible of the purposes, benefits, and 
limitations of our American patent system. | 

In conclusion some general comments on the significance and social 
value of this food necessory business, the manufacture of synthetic 
Vitamins, may be of interest. Through Claude R. Wickard, Secretary 
of the United States Department of Agriculture, the Government has 
issued « little pamphlet entitled “Food Will Win the War and Write 
the Peace.” It states: 

Food is ao whole arsenal of wenpona in this atruggle for bomen freedom, If 
is the driving foree behind high production by munition workers, and top-notch 
performances imi atrong morale among soldiers and sailors, 

Somewhat in the same vein, Russell M. Wilder of the Mayo Clinic 
and former chairman of the committee on food and nutrition of the 
National Research Council hus written: 

Famine hos always contributed to defeat of armies ond subjogation of nations. 
This hav long been recognised, but In the past ft waa mistakeniy thought that 
fumine could be prevented tf only the aupply of food enfficed. The newer 
knowledge tenches that the nutritive quality of the foods supplied ts of the utmost 
importanee. ... Calorle energy ils needed, but no more than much else in 
food ... The new knowledge of nutrition baa emphasized particulsriy. the 
importance of what once were called accessory factors, nowely enite and vite- 
ming, ... Witamin deficlencles constitute the principal “hiddén hongers,” mub- 
clinical abnormalities which untll lately, for the moat part, were unrecognized. 
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This new industry in synthetic vitamins is making it possible to 
satisfy many of these “hidden hungers” and to improve the nutrition 
and well-being of our people. 

In comparing the contributions of the. nutrition workers of the 
twentieth century with those of earlier workers in the nineteenth 
century, euch as Pasteur anid Lister, from whose work came a recog: 
nition of the bucterial origin of disease, we may conclude that the 
social value of the present work in nutrition would appear to be as 
significant as that of the nineteenth-century investigators to whom 
mankind owes so much. 
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TS OF MAN: 





By 0. A Bovey 
fivpartment of Biochemistry 
Unicereily of Wisconsin 


At the present time the nutritional requirements of man can be 
expressed] in chemical terms to a greater extent than ever before. 
However, we as chemists must recognize that there is more to adequate 
nutrition than the mere combining of the known compounds into a 
dist and the calculation of the cost of these dietary constituents. 
Owing to the fact that some of the vitamins that were formerly the 
costly part of our diet may now be purchased nt prices so low that they 
are diffioult for us to comprehend, certain erroneous suggestions have 
been made concerning the cost of an average diet. It is true that one’s 
yearly requirement of thiamin may now be purchased for about 50 
cents and the nicotinic acid supply for about 12 cents at wholesale 
prices. But we must not forget that the yearly supply of calories is 
still 4 significant item in our diet. Most of us ignore calories until 
times of stress. Even in the last war one of the greatest problems in 
many countries was an adequate supply of total food. Tf my calcula- 
tions are correct T find that it would be difficult to supply one’s yearly 
requirement for energy for much less than $15, and the cost of ndo- 
quate protein would certainly exceed this value. Thus if we add up 
the cost of the individual components we get values considerably higher 
than some of the figures which have recently been suggested by certain 
workers. It ic impossible even to estimate the cost of the unknown 

I believe the safest program at this time is to realy upon the com- 
mon foods which we have been accustomed to eating rather than. at- 
tempting the production of cheap, synthetic substitutes. However, 
we should make every effort to improve the quality of the foods 
that are now making up the American dietary. In other words, we 

‘Given before Bympoaium on Nutritional Restoration and Fortification of Foods, Diriuton 
of Agricattural and Foo! Chemistry and Mologicel Chemistry, American Chemical Sociory 
Mveting, St. Lowia, Mo, April 5, 141, Reprinted by permimion from Industria’ and 
Enginooring Chemltry, vol, 33, June 1941. 
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must realize that plant and animal products as produced on the 
surface of this earth do not necessarily contam the individnal 
nutrients in optimum concentrution for the human being, We must 
use some ingenuity in compounding natural food materinis mto n 
complete diet. Improvement in the quality of certain food supplies 
will not only conserve total quantity of food but will tend toward 
more optimum nutrition of all indviduals, 

Onr problem today centers around the restoration and fortifica- 
tion of foods. T should like to mention im pissing that the imterest 
in this problem is undoubtedly stimulated by our national defense 
program, but we should also recognize that we have reached a» stage 
in our knowledge of nutrition which makes it possible for ut to 
consider this problem, At first nutrition workers recognized that 
certain foods were excellent sourees of specific nutrients. ‘These 
foods became known as protective foods and we relied on these spe- 
cific foods to a considerable extent for our supply of eseential factors. 
When we recognized that inorganic salta were utilized as readily by 
the body as the mineral elements found in our natural foods und that 
aynthetic vitamins could be produced at a fairly low cost, consider- 
able interest was shown in the use of concentrates or capsules to sup- 
ply come of the more important nutrients. The value of these prep- 
arations in the clinical treatment of deficiency diseases cannot bo 
denied, but we must recognize that the administration of such con- 
centrated forms of nutrients shonld be only temporary in nature. 
If large groups of people are living on combinations of natural foods 
which do not supply the total requirement, the food supply should 
be modified or fortified. 

As the chemists showed greater interest in these problems, meth- 
ods of assay have improved so that we can analyze our staple foods 
for their vitamin content. These foods are not devoid of vitamins, 
ng many would have us believe, but show a low content on the per- 
centage basic. If we multiply the amount present by the total 
weight of the food consumed daily we find that the result may be 
an appreciable part of the entire requirement. I am sure that in 
the fature we will look back upon this work as one of the most im- 
portant periods in nutritional research, 

Tt is obvious that values for the distribution of nutments in foods 
are not of much use until we know the requirement for each of these 
nutrients, If we had all these values available it would not be very 
difficult for the dietitian to handle the food sopply so as to give us 
aitlequate nutrition through the use of pleasing foods. 

The establishment of nutritional requirements has also had a 
rather interesting history. In a few cases the actual requirement has 
been studied on human beings. Thus we have a considerable number 
of data for the energy requirement of human beings of different ages. 
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The data on the protein requirement are somewhat limited, although. 
there is today fairly general agreement among many workers as to 
thia constituent of our diet, Thore have also been a few studies on 
the requirements for calcium, phosphorus, and iron. In the case of 
many of the vitamins, the data have been obtained through animal 
experiments and generally from work that was not initiated to an- 
swer this particular question. I am afraid that many of us have 
been guilty of concluding from our animal experiments that a vita- 
min ig necded at a certain level and then for good measure we sug- 
vest that the daily human requirement would be 50 percent greater 
than the value found. 

This method may be quite satisfactory im order to establish a cer- 
thin degree of safety. However, if we were to do this in all our 
caleulations, Iam afraid we would goon pile up a considerable excess. 
For example, if we were making an automobile trip of 200 miles 
each day and our car required one gallon of gas for 20 miles, the 
first day we would then need 10 gallons, but for safety’s sake we 
would put in 15. Tf we did that each day we would goon find that 
our gasoline tank was overflowing. 

The following figures may be used a3-a guide for the daily re- 
quirement of the better-known nutrients, These values will, of 
course, vary depending upon the age of the individual and whether 
thera are certain increased requirements superimposed upon the or- 
dinary requirements. ‘These problems are largely physiological and 
I will not go into them here. The figures given in table | are those 
recognized for the average male adult, I should like to discuss very 
briefly how these values have been obtained, their limitations, and 
how the chemist ean aid in establishing more satisfactory values. 








Tanta 1.—A guide for the daily requirement of the betler-Enown nuirientas 


Protein... .-....----..+-.-----s-..-.- 70 gramme 

oS eee a eee 

heb! em Dy ae Ss Eee 

Witernin (Aqsa Se ened 4,000-5,000 1, 0. 
Viterin By o.<.o<cseeeneoeepeo-sseenewee 16-20 mg, 
Vitamin C.........-..--...--...-..,-.--- 50-73 mg. 


Stalndlists aatdcnsns Ss sec ees IDET. 
Vitamin D.~........-.<....-------------- 401 U. 


Tt is, perhaps, unnecessary to say much about the energy or the 
protein requirements. In spite of the extensive values for the 
caloric requirements of human beings under different conditions. 
little attention has been given to the effeet of the external environ- 
ment on the calorie intake. Mills and Calvin (1) have recently 
shown that excessive external temperatures may reduce the intake 
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of calories to the point that sufficient food is not consumed to sup- 
ply the normal vitamin requirement. We still speak of the protein. 
requirement in total grams of protein in the diet, while actually it 
is not the protein requirement that we are interested in, but the 
amino acid requirement. Some day we may be able to state the 
actual amino acid requirements and obtain values for the amino acid 
content of all oor food supplies, At preserit this may seem very 
difficult, but the analysis of food materials for vitamins A, B,, and 
C also appeared very iliffienlt «a few years ago. The value of 70 
grams of protein per day for an adult man is probably a safe fiyure 
provided we specify that the protein should be derived from a va- 
riety of sources and a good part of it from animal tissues. 

No definite figures have been established for the fat content of 
human dietaries, It is generally concluded that fat must be a con- 
stitucnt of the normal diet and that it is well to use liberal amounts 
to supply the fut-coluble vitamins. The latter suggestion is not 
absolutely wasmtinl since we can now get concentrates of these vita- 
mins; however, the importance of fat aa a source of linoleic acid 
must be considered. ‘There is no question about the production of 
linoleic acid deficiency in rats on fat-low diets but few studies have. 
been mado with other epecies. There is some difference of opinion 
concerning the inmportance of linoleic acid in the human dietary. A 
high intake of linoleic acid containing fats has been used in the 
treatment of ecxema; and Brown, Hansen, Burr, and MeQuarrie (2) 
found a decreases in the amount of linoleic acid ond arachidonic acid 
im the serum of an adult man subsisting for 6 months on a diet ex- 
tremely low in fat. The individual exhibited no other evidence of 
disease, We have found in our laboratory that rats maintained on 
mineralized ekim milk fortified with minerals and the fat-soluble 
vitamins grow better when the skim milk is supplemented with butter 
fat thon when vegetable oile are used. The active substance is pres- 
ent in the fatty acid fraction of the butter fat, 

Tt is also well known that fat has a sparing effect on vitamin B,. 
te easel drerease in the fat content of American distaries has 
thus fended to aggravate the vitamin B, deficiency brought about by 
the wae of refined foods. ames 
_ Calemm logically heads the list of mineral elements of significance 
Jf nutrition since there is more calcium in tho human body than any 
other mineral element. The value generally accepted today as an 
idequate level is 0.7 to. 0.8 pm. per day. We muat first recognize 
that this calcium requirement holds only when the diet contains 
an adequate supply of vitamin D, The Ca:P ratio is also a factor 
that needs definite consideration. We still find in certain textbooks 
that the optimum Ca:P ratio is 2:1. ‘This is obviously incorrect 
since in all of our work we have found the ratio to approach 12:1, 





Experiments with dogs indicate that when the Ca:P ratio is 2:1, 
it is impossible to get normal calcification even with tremendous 
doses of vitamin D, Sherman and coworkers: (3) have recently re- 
ported some improvement in the nutritional well-being of rats by 


increasing the calcium intake from 0.2 percent to 0.35 percent or 


even to 0.8 percent of the diet. The phosphorus requirement 13 
generally assumed to be a little higher than the calcium figures. 






This may appear contradictory in the light of a calcium phosphorus 
ratio of 12 to 1; however, the higher value may be adivantageo U3 


because some of the organic phosphorus may not be completely avail- 
able. The phosphorus in phytic acid is now known (4) to be nvail- 
able, but it is lees efficient for bone production than other sources 
of phosphorus. 

The daily iron requirement is rather well established although 
the exact figure has varied between 12 and 15 mg. per day, Firet 
we must recognize that the iron is of no value in the body unless it 
is aceompanied by copper which functions in the conversion of iran 
inte hemoglobin. In addition the iron must be im an avnilable form. 
Extensive studies have been made on the available iron content of 
foods, and the values obtained by chemical methods check fairly well 
with those obtained through the feeding experiments with rats. 
However, we still do not know whether the availability as measured 
in rats is similar to that which we may find in the human being. 
Much has been said about the relative value of ferric and ferrous 
iron. This problem has recently been thoroughly studied by Tomp- 
sett (5). Ferrous iron appears to be the only form to be absorbed 
from the alimentary tract. ‘The ferric iron consumed is reduced 10 
the stomach and this reduction ig brought about by substances which 
are common constituents of the diet, The dict may also contam 
substances which tend to oxidize the ferrous iron to the ferric state. 
The phosphatides of egg yolk appear to be one group of substances 
which inhibit the absorption of iron through the autoxidation of the 
ferrous iron. ‘Tompestt states that it ia difficult to give o definite 
value for iron because the degree of iron absorption is dependent on 
somany factors, The value of 12-15 mg. per day is probably liberal 
enough to compensate for the iran present in the food in forma that 
cannot be utilized. The daily copper requirement is probably about 
2 mg. per day and practically all forme of copper show equal 
availability, 

No requirements have been set up for the remaining so-called 
trace elements and perhaps rightly 90, since we have no specific 
values available. But we must recognize that elements such as 
manganese, zinc, and cobalt are important in the diet, and perhaps 
values for these additional minerals may soon be available. 
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Most of the work on iodine requirements has been done directly 
on human beings. One reason for this is undoubtedly due to the 
fact that it is diffleult to produce an iodine deficiency in experimental 
animals although many farm animals in the goiter region suffer from 
jodinw deficiency. Balance studies (6) show that 50 to 100 micro- 
grams of iodine per day may be sufficient. The value generally given 
is 2 micrograms per kilogram of body weight. There is ample evi- 
dence that these small requirements may not be met by foods and 
drinking water. In order to moet thie difficulty the fortification 
of en|t was started in (his country over 15 years ago, This was the 
first fortification program in this country, Sufficient Nal or KI 
i¢ added to maintuin the iodine content of salt at 0.015 percent, 

Turning then to » discussion of the vitamins we find even more 
conflicting data. The main diffionlty encountered is that there are 
several different chemical compounds which may have similar phys- 
iological effects. Yet the quantitative activity of these different 
compounds varies to a considerable extent. In the case of vitamin 
A our foods contain both the elasaical vitamin A ond carotene, ae well 
as Other related carotenoids. A value of 5,000 I. U, has been sug- 
gested on the basis that the average diet supplies one-third of the 
total activity in the form of vitamin A and two-thirds in the form 
of carotene, ‘Two thousand I. U. of vitamin A os such will un- 
doubtedly meet the daily needs. Some day it muy be advisable to cet 
specific standards for the carotene requirement and the vitamin A. re- 
quirement and to express the distribution of both these compounds 
in our food materials. The abeorption of vitamin A from the in- 
testinal tract is definitely related to the fat content, of our diet and the 
actunl requirement may differ drastically depending upon the presence 
of other materials in the diet. 

The vitamin D requirement, as T have mentioned, is dependent 
upon the total calcium and phosphorus intake as well as the calcium 
and phosphorus ratio and may differ considerably depending upon 
whether the diet contains ample quantities of milk or whether the 
dict is low in this food. Apparently the different forms of vitamin 
PD do not vary sufficiently to make this a problem in human studies 
T believe we are safe in accepting a value of 400 LU. per day. 

No requirements have been stated for vitamins K or FE because so 
little information is available. Under normal conditions there is 
sufficient synthesis of vitamin K in the intestinal tract to meet the 
requirement. However, any change in the intestinal flora might bring 
Pees ali a the need for preformed vitamin K in the 

The vitamin © requirement is rather definitely established becatse 
the chemist has heen able to determine this factor rather simply not 
only in foods but also im the blond stream. Several groupes of workers 
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have shown that 70 mg. per day maintain the vitamin C content 
of the blood at high levels, The important question m this case is 
whether we should supply sufficient vitamin C to produce complete 
saturation of the blood stream, or whether optimum health can be 
maintained at lower levels of saturation. | 

At the present time there appears to be greater interest in the vita- 
min B, requirement than any of the other vitamins, This is per- 
haps duo to the fact that it is practically impossible to study the 
vitamin B, content of the blood and we must resort lurgely to balance 
studies. Many of the balance studies have been conducted for. short 
periods of time, and such studies may give results considerably higher 
than those obtuined over a long period of time. Another factor which 
perhaps enters into this problem is the fact that the vitamin B, re- 
quirement is definitely reduced by high fat diet, Recent studies 
at the Banting Institute have suggested that high-fat diets may 
eliminate all symptoms of B, deficiency except thoee changes taking 
place in the heart. Tf this is true, we should perhaps recommend 
the high level of B, intake regardless of what the fat content of the 
diet is. A level of 1.5 to 2 mg, per day should supply an adequate 
intake for most individuals. In studies conducted by Williams, Ma- 
son, Wilder and Smith (7) it was found that about 1 mg. prevented 
symptoms but higher levels gave a high degree of well-being. 

The very recent work on human beings (8) seems to establish rather 
definitely that the riboflavin content is 8 mg. per day. These studies 
were conducted on human beings receiving average diets, but again, 
changing the fat and carbohydrate ratio may alter the riboflavin re- 
quirement. We have recently shown in our laboratory that when tho 
fat content of the diet ia increased we find a considerable increase in 
the riboflavin requirement. This we interpret in a preliminary way 
as being caused by a change in the bacterial flora. Thats, under nor- 
mal conditions there may be a certain degree of riboflavin synthesis 
+n the intestinal tract and we ate merely measuring the riboflavin re- 
quired above this synthesis, If there are sudden changes in the in- 
testinal flora, the entire riboflavin requirement may have to be supplied 
through the diet. 

It would appear that the nicotinic acid requirement might be es- 
tablished very easily since nicotinic acid is such a simple chemical 
compound. ‘Tremendous difficulties have been encountered in at- 
tempting to determine the nicotinic acid content of foods or to meas- 
ure the nicotinic acid excreted in the urine. Two recent develop- 
ments, I believe, will be of considerable value in establishing the 
nicotinic acid requirement, One is that we are now uble to feed 
dogs on a highly synthetic diet containing no nicotinic acid and from 
these studies it would appear that the daily requirement for main- 
tenance is about 0.25 mg. per kilo and the requirement for growth 
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is about 0.5 mg. per kilo, Using these values then, it would appear 
that the nicotinic acid requirement of a human being is at least 
developed for nicotinie acid determination and these procedures give 
accurate results. By calculating the nicotinic acid content of on 
average diet it would appear that it contains 15 to 20 mg. per daily 
portion, As far az we know, there are no factors in the average dict 
which tend to alter the nicotinic acid requirement, although in- 
ermsed exercise may have a definite effect on the requirement of 
this factor. | 

The greatest limitation in the above figures is the lack of recogmi- 
tion of the less-known vitamins. Certainly the vitamin B, require- 
ment of a human being may be as important as any of the other 
8 vitamins. Yet we have no way of setting a specific figure at the 
present time, We can only make « rough assumption that the vita- 
min B, requirement is in the same order of magnitude aa vitamin B,. 

Pantothenic acid is undoubtedly required by the human being, but 
ul the present time we cannot even give quantitative figures for the 
requirement of pantothenic acid in animals. Again the pantothenic 
ucid apparently affects the requirement of some of the unknown 
members of the B complex in the animal; whether pantothenic acid 
has a similar effect. in human beings needs further study. 

Another factor which lus received a great deal of attention in 
animal work during the past year or two is choline. The serions 
difficulties that an animal encounters when diets low in choline are 
used certainly suggest that studies on the impartance of choline in 
the human dietary should be made. Hore again we have an example 
of how the variation in the amino acid content of our diet may 
affect the choline reqnirement since a high methionine intuke tends 
to decrease the choline requirement and 4 high cystine intake tends 
to Increase the choline requirement, 

We must, of course, recognize that much of our information re- 
garding the human requirements has come from animal experiments. 
In fact if we had not relied upon animal work we would not have 
much information at the present time. But if we use the results 
from aninwls we must realize that there ia great variation in the 
requirements of different species. This was first recognized, of 
coursé, in the case of vitamin © when rats failed to require vita- 
min © while the human being, monkey, and guinea pig did. We 
art finding more and more such discrepancies, The most interest- 
ing perhaps is the variation in the nicotinic acid requirement in dif- 
ferent species. The rat and chicken apparently do not need this 
factor preformed, while the dog is very sensitive to a lack of this 
factor, Apparently the human being und the dog are very similar 
in their requirements for nicotinic acid. We are now finding that 
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the ruminant can get along on diets practically devoid of the vita- 
min B complex because all these factors are synthesized by the bac- 
teria in the rumen. Recent work indicates that the rat can syn- 
thesize some of the unknown members of the B complex and that 
high levels of pantothenic acid apparently favor this synthesis. 

If we turn to the guinea pig we find quite different results than 
those obtained with other animals. A young guinea pig fails to grow 
normally and dies in a few weeks when fed purified diets upon which 
rats and dogs may grow very well. We have found that these animals 
will grow if we supplement the purified diet with dried gruss, veast, 
and fresh milk, Chicks ulso require additional amino acide and cor- 
thin factors from yeast before they will develop normally on synthetic 
diets. How these facts relate to human nutrition is not known, but 
these results do suggest the importance of additional work. These 
problems require all the ingenuity that chemists can contribute. 

In conclusion then, we may agree that the nutritional requirements 
of man can be expressed in quantitative terms to a very extensive de- 
gree. These values are of great importance in constructing adequate 
diets provided we still obtain « considerable proportion of the nutrient 
from natural foods. The eafect program for the future involves the 
improvement of natural and processed foods throtigh restoration and 
fortification. Thus recent criticisms leveled at the fortification pro- 
gram ore invalid because we are not adiing enriched foods to synthetic 
diets but to diets that are already fairly adequate. The fortification 
of foods like brend merely brings the diet from » borderline state of 
adequacy to an optimum and efficient state. We may not have all the 
knowledge for optimum fortification but as long aa the use of natural 
foods is continued, the danger of imbalance is greatly reduced. 

1, Bins, A. A., and Catvin, J. W. 
1940. Vitamin B,. Selence, vol, 02, No. 2M, Suppl, p 9, Nev, 15. 
2 Town, I. B.. Hansen, A. E, Boe, G. 0, and McQvaunm, f. 
1988. Effects of prolonged use of extremely low-fat diet on on adnuit 
homnan abject. Joorn. Nutr vol 14, No. 6, pp. S11-. 
&% Vas Dover, FP. 0., Lanros, ©. &, Tomre, E W., and? Sareatin, BC. 
Tid. Lifetime experiments upon the problem of optinual calcium lutake. 
Journ. Nutr., vol. 21, No. 3, pp. 221-224. 
? Kater, C 2H, Bunneeunt, B:, Tuomreon, CR, and Sremspocx, EH. 
141, Cereals and ricketa MUL Phytie oecld, yeast nniciele aeid, soy- 
bean phosphatides and lgnorgunle antte as sources of phosphorus 
for bone caielfication. Journ. Nutr., vol. 21, No. 8 pp. 213-290. 
6, Tomrderr, &. To 
1M0, The iron of the plasma. Biochem, Journ, rol. 34, No. 6, rp. 
Ct). 





th. Biron, A. T, 
7, Wottams, KD, Masow, H L., Wirpen, R. BM, ond Suirn, FE. F. 
1940. Observations on Induced thiamine (vtiamin By) doficiency fn mun. 
Arch. Int. Mel, vol, 66, Ne. 4, pp. 755-Titi. 
& Srrovo, F. M., Feeney, 2 E., Moor, 1. ond Pansone) A. 'T. 
Ml. The riboflavin content of blood and urine. Journ. Blal. Chem. 
rol. 137, No.1, pp, 38-872 





SN INBITIVTION, 1042 





PAST AND PRESENT STATUS OF THE MARINE MAMMAT 
OF SOUTH AMERICA AND THE WEST INDIES* 


Cwrafar, Dieision of Mammalia, 0, 8. Natioanl Museum 


Changes in the shore lines of the South American continent, re- 
sulting from the submergence and subsequent elevation of areas 
of varying extent at different times during that portion of the geo- 
logic past known as the Tertiary period, provide a suceession of sedi- 
mentary formations from which have come an essential part of the 
factual evidence employed by paleontologists in reconstructing the 
history of the mammals during this period of the earth’s history, 
Some of these sedimentary strata, when examined critically, are 
found to be ancient beaches, estuaries; and river deltas, and, what is 
more important, to contain bones belonging to extinct types of 
marine mammals, By means of these fossil remains the genealogical 
history of some of these marine mammals can be traced with some 
degree of accuracy from the time they make their appearance down 
to the present. | 

The history of the sea cows or sirenians in the Western Hemisphere 
begins with a sirenian (Prorastomus sirencides) of uncertain: rela- 
tionships, probably as old geologically as any of the known Middle 
Eocene sireniang of Africa and Europe, which was found prior to 
1855 in « calcareous sandstone nodule in the bed of a Jamaican 
River. During the succeeding interval of geologic time, the Oligo- 
cene, a later type of sea cow (Hatlithertum) frequented the Curib- 
bean Sea, the remains of one individual having been found in Puerto 
Rico, 

No cetaceans of Oligocene uge are known to occur either in the 
West Indies or in South America. Acrather varied aesemblage does 
make its appearance, however, in the Lower Miocene Patagonian 
marine formation of Argentina. Thies formation has yielded two 
distinct kinds of shark-toothed porpoises, a ziphicid beaked whale, 
a rather dubious relative of the iniid river porpoises, a long-snouted - 


jeeriated by permiasion, with change of title and extensive revisions, from Proceedings 
of the Flgnth American Ectentifie Congress, vol. 3, 1042 
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kinds of sperm whules, and three kinds of whalebone whales, One 
of these whalebone whales (Morenocefue parvus) is the oldest geo- 
logically of all known members of the family of right whales ( Balae- 
nidae). The other two represent cetotheres, the preeursors of the 
living furrow-throated whalebone whales, 

Members of the family of river porpoises (Iniidae) ranged north- 
ward in the Atlantic to Chesapeake Bay and in the Pucifie 
Ocean to San Franciseo Bay during the Miocene, The late Miocene 
or early Pliocene Piso Entreriano exposed along the river banks in 
the vicinity of Parani, Argentina, has furnished at Jenst five kinds 
of extinct iniid river porpoises. From these were derived a number 
of succeeding types. In the course of geologic time most of thewe 
types of ancient iniid porpoises disappeared, leaving only two ‘sur- 
vivors, the white flag porpoise in Tung Ting Lake, Hunan Province, 
China, and the bouto in the Amazon and its tributaries. 

Evidence is still lacking in regard to the main details of the devel- 
opmental history of the pinnipeds. Nevertheless, it if now certain 
that nt least one relative of the Recent hair seals (Prionodelphis 
rovereti) was included in this late Miocene or early Phocene fauna. 

Remains of whalebone whales have been found in rocks of Pliocene 
age near Coquimbo, Chile, and also on the plains east of the port of 

Bar bones and other miscellaneous skeletal elements representing 
ong or more kinds of extinct whalebone whales have been found in 
the Pleistocene Pampean formation of Argentina, In contemporary 
deposits at Olivos in the Province of Buenos Aires, Argentina, a 
relative of the southern sea lion was obtained. In the more recent 
deposits of Argentina, bones representing a close relative of this 
sea lion seem to occur more frequently, 
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SEALING IX THE SOUTHERN HEMISPHERE 

We now come to the period when man by his interference railienlly 
changed the original aspect of the existing marine fauna, We are 
so overwhelmed today with problems associated with the marketing 
of ever-increasing surpluses of coreals and livestock produwets that 
few of us appreciate the situation confronting early colonista in 
the New World. Fats:and oils were in constant demand and the 
colonists were obliged to utilize all available resources. Consequently, 
bison were slaughtered for tallow, while oil suitable for burning in 
lamps was readily obtained from seals, porpoises, and whales, Un- 
productive soil, the absence of remunorative employment in the yicin- 
ity of the settlements, and the increasing demand for oils and fats 
made sealing and whaling an attractive occupation for residents of 


many coast villnges. rhaeekioe ate te i these marine 
resources were exploited, however, can hardly be witnessed again 
since these animals no longer exist in considerable numbers in most of 
the oceanic areas where they were slanghtered during the past three 
centuries, 





One of the first animals in the New World to bear the brunt of 
man’s destructive proclivities was the West Indian seal (Monac/iwe 
tropicalis). It ia recorded that Columbus (Kerr, 1811, vol. 3, pp. 
194, 827) toward the end of August 1494, while cruising among the 
West Inidinn islands in search of a passage to the mythical province of 
Cipango, lost sight of the other vessels of his flotilla, and anchored 
off the south coast of Haiti. Sailors were sent to climb the rocky 
islet of Alta Vela and to scan the horizon for the missing vessels. 
On descending from these rocks the sailors came on a number of 
seals asleep on the sands and killed sight of them. In such o manner, 
the seals of the New World became acquainted with the civilized 
white race. 

Spaniards from Yucatin and Englishmen from Jamaica before 
1675 (Dampier, 1705, vol. 2, pt. 2, pp. 26-27) sailed to the Scorpion 
Islands north of Yucatén for the express purpose of killing these 
seals for their oil. Sir Hans Sloane, who visited the Bahamas in 
1687-88, wis told that West Indian seals were so numerous on those 
islands that fishermen took as many as a hundred in one night, : 
1843, however, this seal seems to have been restricted to the Pedro 
Keys off the south coast of Jamaica (Lucas, 1891, p. 616), to the 
Anina Islands lying between the Isle of Pines and Yueatin (J. A. 
Allen, 1880, p. 721), and off the northern coast of Yucatan to the low 
sand spits surrounded by coral reefs known os the Triangle Keys. 
Large numbers of these seals were killed on Triangle Keys before 
1856 (Lucas, 1891, p. 610). Aa late as 1900, however, » small colony 
of not over 75 was found by E. A. Goldman to exist on these keys. 
The present status of the West Indian seal is unknown. 


Seals in the Southern Hemisphere, however, were not accounted 
an article of commerce until the leading seafaring nations of the 
world began the active exploration of the coasts of South America. It 
was not until these early navigators had eiiled southward along the 
eoast beyond the present boundanes of Brazil that the southern sea 
lions (Otaria favescens) were discovered. These animals congregate 
during the southern summer on their breeding grounds which are lo- 
cated along the coasts of South America mostly south of the La Plata 
River on the Atlantic side and as far north:as northern Peru on the 
Pacific side, as well as on the Falkland and Galipagos Islands, 
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Magelion in October 1520 recorded their presence in the Magellan 
Straits. Subsequent navigators were accustomed to provision their 
vessels with sea lion meat and to replenish their oil supply from the 
blubber of this large seal. The expedition led by Simon de Alcazahn 
for instance, in 1535 took two or three hundred sea lions on an 
island off the coast. of Chubut, Patagonia. Similarly, Sir Francis 
Drake in 1577 provisioned his vessela with some 200 sea lions Idlled 
ut Port Desire, Patagonia, | 

Although sailors on subsequent voyages frequently salted hogsheads 
of sea lion meat for provisions, it was not until late in the eighteenth 
century that the traffic in sea lion skins assumed any marked propor- 
tions. Accurate figures of the cuteh during these years are, however, 
not available. Nevertheless, some idea of the extent of the trade in 
these skins may be guinad from the fact that at least 52,000 sea 
lion eking were taken in 1821-2 hy the shore crews of the American 
briga Alabama and Frederick on the islands of Mocha and St. Marys 
off the coast of Chile (Balch, 1909, p. 484). | 

Not even the colonies on the Galipagos Islands escaped from the 
general slaughter, In 1815-16, the crew of the ship Volunteer of 
New York loaded the skins of 2,000 sea lions and 8,000 fur seals that 
had been killed on these islands by the ship's shore crew (Fanning, 
1024, pp. 287-288). The hides of sea lions were used by the harness 
and trunk tnukers of New England. The demand for these hides, 
however, was not so great as to catise the near extermination of the 
southern sea hon. 

Sealers ure still taking sea lions on the South Falkland Islands, but 
in accordance with regulations provided by a license system. The 
take on these islands in 1930 amounted to 4,568 sea lions (Hamilton, 
1934, p. 313). Two companies licensed by the Peruvian Government 
ure reported to take from 76,000 to 80,000 ses lion skins annually from 
the rookeries located along the const of Peru. 


At the end of the eighteenth century, elephant seals were present 
in countless thousands on many of the islands off the southern ex- 
tremity of South America, particularly along the Patagonian const, 
Tierra del Fuego and southern Chile, ag well as on Juan Fernindes, 
the Falkland Islands, the Southern Shetland and South Orkney I:- 

The records show that as early az 1774 vessels from New York 
and Nantucket were outfitted not only for whaling but also for sealing 
on the South Falklands. The abundance of elephant seals and the 
current demand for oil led almost at once to the indiscriminate 
slanghter of these huge seals, By 1900, the southern elephant seal 
fishery had reached considerable proportions. Gangs of men with 





limited provisions and huge 250-gallon trying pots were put nshore 
in shallopa at accessible benches from sealing vessels anchored in safe 
harbors, Partin] and sometimes full cargoes of elephant seal ol 
were shipped to ports in the Old and the New Worlds, 

From 1799 to 1818, sealing vessels from Nantucket and New Bed- 
ford were bringing back elephant seal oil from Patagonia and Staten 
Island. Similarly, many vessels puiled from New London, Conn., 
for the Falkland Islands and South Georgia. 

The absence of accurate records of the catch made by vessels engaged 
in this business makes it impossible to estimate the number of elephant 
seals killed on southern rookeries. Some sealers held that an average 
of 3 barrels (04.5 gallone) of oil was obtained from an adult elephant 
seal, but both young and adulte were killed. The cargo of 1,500 barrels 
of oil brought back to Stonington, Conn., by the schooner Free Gift 
in April 1822 represented a kill of at least 500 elephant seals, assuming 
that all were adults. Weddell tm 1823 recorded that 20,000 tons of 
elephant seal onl, representing the death of at least 62,000 nnimals, 
had been shipped to London alone from South Georgia. 

So oblivious were these elephant seals to the killing that was going 
on around them and so intliscriminately were the young and ald 
slaughtered, that in a comparatively few yenrs they were exterminated 
or reduced to a mere remnant along all the consts and on the islands 
that had once been their refuge. Elephant seals disappeared suc- 
cessively from the Falklands, Jnun Ferninder, South Shetlands, South 
Orkneys, South Georgia and the coast of South America. 

During the first quarter of the nineteenth century, elephant seal 
hunting was carried on chiefly by those engaged in fur sealing, but 
ufter the fur seals had been killed off some sealers continued their occu- 
pation of killing the elephant seal and boiling out the oil. The dis- 
covery of the Pennsylvania oil fields in 1859 brought a cheap illumi- 
nant on the market and gave the southern elephant seal some respite 
from the hunter, Nevertheless, at South Georgia, particularly, so 
many elephant seals were killed that they were practically extinct 
there by 1885. | 

Discouraged by the general scarcity of elephant seals and by in- 
ability to compete with the low production costs of petroleum products, 
southern sealing was largely abandoned before the close of the nine- 
teenth century. With the revival of whaling in Antarctic seas, the 
Government of the Falkland Island Dependencies began in 1910 to 
issue licenses for the taking of elephant seals. These regulations 
seam to have obtained the desired result since Matthews in 1927 (1920, 
p. 246) estimated that there were at least 100,000 elephant ceals on 
the South Georgia beaches. 
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SOUTHERN FUR SEAL 


The first cargo of seal skins and whale oi] exported from the Falk- 
land Islands was carried by Bougainville’s ship, the Aigla, in 1766 
(Boysou, 1924, p. 219). Although the history of southern sealing 
during the ensuing decade is not very well known, there are indications 
that some whalers took seals as well as whales at the Falkland Islands. 

When Port Egmont was evacuated by the British garrison in May 
1774, 10 American sealing and whaling vessels were anchored in the 
Falkland Islands (Boysen, 1924, p, 285). Tur seals were present in 
such numbers on one of the smaller Falkland Islands that eight or 
nine hundred of them were killed on one day (Dalrymple, 1775, pre- 
face p. 9). The bewches of Saunders Island were reported by & 
French sealer in 1778 to have been lined with fur seals and elephant 
seals (Boyson, 1924, p. 235). 

British sealers did not begin taking far seals on these southern rook- 
éries until the beginning of the Americar Revolutionary War, but were 
aotively engaged in this fishary for nt least 50 years thereafter, 
after the signing of the general peace treaty between Great Britain 
and the United Stutes an September 8, 1783, the ship Sfafes sailed 
from Boston for the Falkland Islands and on arrival there anchored 
in States Harbor. For two years shore crews from this chip were 
engaged in taking skins of fur seale and sea lions, and in boiling 

out elophant seal oil. Thirteen thousand of the fur seal skins taken 
on this cruise were landed in New Yorl and then shipped to China 
(Clark, 1887, p, 400). Subsequently, a number of vessels were out- 
fitted in New England ports for this commercial enterprise, Among 
these were vessels from New York and Boston, one of which, the brig 
Betsey, returned to New York from the Falkland Islands in Juns 1793 
with a full cargo of fur seal skins (Fanning, 1924, p.13). Fanning 
in 1797 (1924, p. 261) found the rocks at the northeast head of Beau- 
chene Island literally covered with fur seais. By 1812, however, fur 
seals had become scarce on all the larger Falkinnd Islands, but were 
still present in considerable numbers on Steeple Jason Island (Boy- 
son, 1824, pp, 83, 238). 

These adventurers sailed boldly in their small vessels to South 
Georgia, come 1900 miles enst of Cape Horn, hes fur sealing was 
conducted with the same total disregard of the biological factors 
involved in the perpetuation of the stocks of seals. In the fall of 
1800, 17 vessels arrived at South Georgia, and during the ensuing sum- 
mer the shore crews Ianded by these vessels killed 112,00) fur seals 
(Fanning, 1924, p, 218). The corvette Aspasia of New York alone 
brought back 57,000 fur seal skins. James Weddell in 1823 (1825, 
pp. 53-5£) calculated that no less than 1,200,000 far seals had been 
taken at South Georgia since 1775. The records for South Georgia 








show that 1,450 fur seals were taken in 1874, “great numbers” in 1877 
(H. T. Allen, 1990, p. 108), and 170 in 1908 (Matthews, 1929, p, 255). 
These: catches seem to have resulted in the final destruction of the 
Sonth Georgia fur seal herd, although two were seen on Willis Island 
in 1927 (Matthews, 1029, p. 255). _ 

So merciless was the slaughter of fur seals on the Falkland Island 
rookeries by a constantly increasing number of vyeasels and so keen was 
the race to reach unexploited beaches that British and American 
sealers were continually searching for now sealing grounds, 

Sealers naturally were reticent regarding their findings, and in some 
instances several years elapsed before the news of their discoveries 
leaked ont. Such seoms to be the case with the South Shetland 
rookeries, located about 400 miles southeast of Cape Horn. Uneon- 
firmed reports have circulated for nearly a century that American 
sealers had reached the South Shetland rookeries by 1812 (Calman, 
1037, p. 176). Existing records do show that American and British 
sealers were slaughtering fur seals on these islands at least as early 
as 1819 (Ragged Island, Fanning, 1024, p. $04; Balch, 1909, pp. 474, 
477; Bruce, 1020, p. 38). 

To Col, Lawrence Martin, whose critical analysis of documentary 
data has contributed so much to the knowledge of the areas south of 
Cape Horn, I am indebted for the following information on the 
southern fur seal fishery in the vicinity of the South Shetland Islands. 
Shore crews from something like (0 sealing vessels, about equally 
divided between American and English registry, were killing fur seals 
on these rookeries during the Antarctic seasons 1820-21 and 1821-23. 
Sixteen of the American sealing vessels are known to have transporte 
160,000 fur seal skins to New York und New England in 1821. Nine 
English sealing vessels are reported to have shipped 165,000 fur sal 
skins to England. Thus the total catch for the Antarctic season 
1820-21 could hardly have been less than half a million fur seals. 

So ruthless was the exploitation of these fur seal rookeries, that by 
1829 most of the financial backers of this sealing business considered 
the risks too hazardous to warrant voyages to the South Shetlands. 
At that Grae fae real ak hen almost exterminated on all the noves- 
sible rookeries and the sealers were searching for new sealing erounds, 
Nevertheless, sealing continued with indifferent snecess for many years, 

Forty years later (1871-72) sealers again came to the South Shet- 
land Islands and in the ensuing 10 years killed off more than 90,000 fur 
seals there and on the rookerieg east of Cape Horn (Clark, 1887, 
p. 402). The few remaining survivors of the Shetland Island rockeries 

seem to have been exterminated by a Vancouver sealer in 1905-06 
(Anonymous in Pacific Fisherman, vol. 4, No. 5, p. 20; No. 7, p. 19, 
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About 1790, British and American vessels engaged in sperm whaling 
along the const of Chile, ag well ns others that had embarked in the 
maritime fur trade along the northwest coast of North America, 
observed large fur seal rookeries on some of the South American 
coastal and offshore islands, The American brigantine Hancock suiled 
from Boston, November 1790, for Staten Island. Many fur seals were 
killed by the crew on Staten Island before the brigantine rounded 
Cape Horn en route to Masafuera Island. Subsequently, this: vessel 
stopped at the Hawaiian Islands and afterward sailed for the north- 
West coast of North America. After arrival there on July 14, 1791, 
the Haneock was engaged in trading with the natives for sea otter 
skins until she sailed for Ching in the autumn of 1791 (Howay, 1930, 
p. 122), 

Masafuera, a small island lying 100 miles west of Juan Fernindez, 
was one of the most important of these fur seal rookeries. On this 
island, u shore crew Iunded by the ship Elia of New York in 1702 
killed 37,000 fur seals, the skins of which were carried to Canton, 
China, and sold in March 1798 (Delano, 1917, pp. 196-197 ; Clark, 1887, 

407). 
ni 1m erew landed from the American chip Jefferson of Boston 
obtained 13,000 far seal pelts on St. Ambrose: Island during August 
and September, 1702 (Howay, 1920, p. 130), During 1798, the British 
sloop #attler put into the Galépagos Islands for salt which was to be 
used in salting fur sea] skins wt St. Felix and St, Ambrose Islands, 
located off the coast af Chile some 500 miles north of Juan Fernindez 
(Jenkins, 1921, p. 914). 

From then on to 1807, the business of killing fur seals along the 

Chilean const. was prosecuted with unremitting vigor and at times 
‘shore crews from as many as 12 to 15 vessels had camps at Masafuern 
Island. Gangs of men put azhore in 1798 on Masafuera by three 
American vessels (ship Burcloy of New Bedford, brig Betsey of Ston- 
ington, Jonn , and ship Veptune of New York) Inlled some 60,000 fur 
seals, By 1801, the sealing fleet on the coast of Chile nombere] 
upward of 30 vessels (Fanning, 1924, p. 223). A few of these ships 
carried 60,000, and one at least 100,000, fur seal skins to the market at 
Canton, China (Clark, 1887, p, 402), where they were exchanged for 
tnerchandise to be sold in the United States. 

The rookeriez on these islands liad been so thoroughly ransacked in 
a period of 15 years that sealers could ne longer expect to make a 
profit by going there, and by 1824 fur seals were practically extermi- 
nated on both Juan Fernandez and Masafuera (Morrell, 1882, p. 130). 
Estimates of the number of fur seals killed on Masifuera and Juan 
Fernéndex Islands during this period range from a million (Fanning, 
1924, p. 80) to more than 3 million (Delano, 1817, p. $06). Although 
the virtual destruction of this portion of the southern fur seal herd 


was accomplished at the beginning of the nineteenth century, a few 
persisted for many years on inaccessible rocky ledges. As Inte as 1898, 
50 fur seal pelts taken on Juan Ferndndez were sold in London 
(Cabrera and Yepes, 1940, p. 181). 

Although the English sealer George Powell and the American sealor 
Nathaniel B, Palmer failed to locate any fur seals in Decemibor 1821 on 
the South Orkneys, this does not necessarily indicate that fur seals 
avoided these islands, There ure no available records of fur seals 
having been taken on the South Orkneys during the period of un- 
restricted exploitation, Dallman, however, during the first 2 months 
of 1874 took 145 fur seal skins in the Sandefjord Bay district at the 
southwestern end of Coronation Island (Marr, 1035, p. 871). , 

Spanish sealers were taking a relatively small number of fur seals 
on the rocky islands along the Patagonian coast during the last decade 
of the eighteenth century. Yunkee sealers, however, were constantly 
raiding these islands in defiance of prohibitions, but often in conniv« 
ance with local officials, One such example was the ship Neptune of 
New Haven, which from January 1 to February 16, 1798, took some 
5,000 fur seal skins from the rookery on a small island off Port Desire, 
Patagonia (Clark, 1887, p. 462-464). 

Sealers rounding Cape Horn occassionally landed shore crews on 
Diego Ramirez, Staten Islund, and other nearby small islands for 
the purpose of taking fur sents. It is evident that.as Inte as 1899 fur 
eenls were fairly numerous at the southern extremity of South Americu, 
since the schooner Penguin of Stonington, Conn, took 4,000 fur seals on 
Staten Island that year (Balch, 1909, p. 485). The schooner Monéi- 
cello of Baltimore in 1835 and the schooner Benjamin D'Wolj of New- 
port in 1839 retarned from islands around Cape Horn with cargoes of 
2,500 und 2,000 fur seals respectively (Clark, 1887, pp. 451, 453). 
Intermittent slaughter of fur seals on these islands continued during 
the remainder of the nineteenth century. During the summer of 
1882-83, the shore crew of the American bark Thomas Hunt salted 
down the pelts of 1,300 fur seals that had been killed on Diego 
Ramirez. No information of a later date on the condition of the 
rookery on this island seems to be available. Between 1882 and 1892. 
the crew of the ship Vessaw was reported to have killed annually an 
average of 3,500 fur seals at Tierra del Fuego and neighboring islands 
(Cabrera and Yepes, 140, p. 181). The last reported catch from 
rookeries near Cape Horn, and that only 936 fur seal skins, was 
carried to Nova Scotia in 1906 by the Vancouver eehooner Edith B. 
Balcom (Anonymons, fa Pacific Fisherman, vol. 4, No.5, p. 20; No. 7, 
p. 19, 1906). 

Aside from the rather ineffectual attempts of Spanish and Argen- 
tine governors to restrict the killing of the fur seals on the Falkiand 
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Islands, fur sealing was never directly supervised by the gover 5 
in the Southern Hemisphere during the eighteenth and nineteenth 
centuries. 

The rookeries on the Uruguayan coast, located for the most part on 
the Coronilla, the Castillos, the. Torres, and the Lobos proupa of 
islands, were leased to commercial sealers beginni 
here again, reckless commercial exploitation of 
exterminated the animale, For the 85 years ending in 1907, the aver- 
age Kill of fur seals was nearly 15,000, In 1910, however, the 
Uruguayan Government commenced sealing on its own account and 
atthe time of Dr. Hugh M, Smith's visit in December 1922, the rookery 
in the Lobos Island group was doubtfully estimated to harbor somu 
20,000 fur seals (Smith, 1927, p, 281). 

Today only a few seattered individuuls exit in the entire British 
Falkland Island Dependency Claim, « relatively small number of 
individuals have found refage on the rookeries along the Uruguayan 
coast, and wnother small remnant maintains u preeariouy existence on 
islands along the coust of Peru. 

No chapter in the story of wanton destruction of wild life contains 
so Tiany obvious lessons as that of the southern fur seal fishery. It is 
now apparent that the values destroyed in the avaricious hunt for fur 
seals were many times greater than the moneys received from the pelts 
murketed, since the breeding stock that should have been maintained 
for the future harvesting of the annual surplus was destroyed on every 
ieocesible rookery. During the period of ruthless exploitation of the 
southern fur seal rookeries, the principles of wild life management 
were totally disregarded by the governments concerned, even though 
certain officials, notably Capt. Jumes Weddell (1827, pp. 141-142), did 
not hesitate to call attention to the inevitahla destruction of this eco- 
nomic asset if the practices then in vogue were continued. Conserva- 
Hon wus either deemed impossible or not worth the effort. 

ind scientific management of the southern fur seal herd been prac- 
tived at the inception of exploitation or at least before the rookeries 
had been seriously depleted, an adequate annual profit would have 
aceried to all the governments having jurisdiction over such rookeries. 
Tho devastating effects of this oxcessive slaughter have not passed 
unnoticed, but no serious effort haa been made to remedy the existing 
situation. Nevertheless, it is not too late even today or impractical 
to attempt the restocking of fur seals on those rookeries, long since 
abandoned, where adequate patrol and protection can be maintained, 














It may appear surprising that whaling in the Southern Hemisphere 
did not commence until stocks of whales in Arctic waters were mark- 
edly depleted. One contributing cause was the presence of pirates In 
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the West Indies. Another factor was the slow development of the 
practice of erecting try-works for rendering the oil on decks of whaling 
vessels. 

Nevertheless, sperm-whaling sloops from New Bedford and other 
New England ports were cruising southward toward Bermuda as early 
as 1756 (Ashley, 1938, p. 87). Humpbacks and sperm whales, however, 
were taken by local residents of Bermuda, according to colonial records: 
(True, 1904, pp. 27-29), during the years 1665, 1667, and 1668, and this 
fishery continued in a desultory fashion until 1749 or later, 

These New England whuling ships while searching for sperm whales 
apparently did not ernise among the West Indian islands until after 
1760, but before 1770 one or more vessels crossed the Equator 
in the West Atlantic. 

During the period between 1771 and 1776, there were from 121 to 182 
American vessels engaged in the southern whale fishery (Jefferson, 
1876, p. 6) on both sides of the South Atlantic. Sperm and right 
whales were hunted along the coast of Brazil from the Equator to off 
the mouth of La Plata River and thence southward to Le Maire Strait 
between Staten Islund and Tierra del Fuego. Three of these Yankee 
whaling vessels, the brig Montague of Boston, the ship Thomas of Cape 
Cod, and the ship King George of Rhode Island, anchored at Port 
Egmont in 1774 (Penrose, 1775, pp. 67-70) and seven others not specifi- 
cally mentioned by name were known to be elsewhere in the Falkland 
Islands that year (Jenkins, 1021, p. 235). 

British whaling ships sailed for the coast of Brazil and the Falkland 
Telands in 1775. Before 1784, British vessels had made 76 yoyages to 
these whaling grounds (Jenkins, 1921, p. 209). Six whaling ships with 
harpooners and crews from Nantucket were fitted out for the southern 
whale fishery in 174 at Dunkirk, France (McCulloch, 1892, p. 1116). 

British vessels, likewise with crews from Nantucket, rounded Cape 
Horn about 1788 (Starbuck, 1878, p. 90) and commenced sperm whaling 
on the coast of Chile, They were followed by American whaling ships 
which actively participated in the exploration of the Pacific and the 
exploitation of sperm whale stocks in those waters. 

Hazards of capture during foreign and domestic wars, adverse con- 
ditions at home, variable insurance rates, restricted markets, and violent 
fluctuations in the market prices for sperm and whale oils kept the 
whaling business in a continual state of uncertainty. 

_ Nevertheless, in the first half of the nineteenth century as many as 
five or six hundred vessels were employed in hunting sperm and south- 
ern right whales in the South Atlantic and Antarctic Oceans (Boyson, 
1924, p. 220). 

Shortly afterward the general scarcity of sperm whales became rather 
noticeable and the industry began its decline. Stutistics for the year 
1858 indicate that 63 ships were expected to return to Nantucket, Mass., 
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with a total loss of » million dollars to the owners, A few of these 
whaling ships continued whaling after 1900, but the great days of the 
southern right. whale and sperm whalo fishery have long since passed 
into memory. 

The rise, climax, and decline of the whaling industry has been reon- 
avted time and again as the result of overfishing for particular kinda 
of whales, not only in the Southern Hemisphere but in all the waters 
of the world. 

The modern period of whaling, however, began some 72 years ago 
with the invention of a swivel harpoon gun by « Norwegian named 
Svond Foyn, It was not the swivel gun alone, but the explosive head 
which was fitted to the harpoon that enabled the whaler to master the 
hoge furrow-throated whales. The rope attached to-the harpoon was 
atrong enough to raise the carcass to tho surface where it wus inflated 
with air, so that it would float. 

At the beginning of the twentieth century it became apparent. that 
new methods of operating were necessary, if (he industry was to avail 
itself of opportunities in more distant fields. Heneo in 104 an enter- 
prising Norwegian operator converted tho steamer Admiralen into a 
floating factory and began whaling around Spitzbergen. Having 
found that a floating factory was free to move as conditions required, 
the Admiralen began whaling operations in the Antarctic near the 
Falkland Islands in 1905. The whaling tackle used in this fishery 
during the first few years was not suited for taking such powerful 
whales as the blue whale, which reaches w length of 100 feet. Soon, 
however, whale-catcher boats with adequate equipment were built. 

A mextorn whale catcher is a steamship somewhat similar toa trawlor, 
but equipped with more powerful engines. Jt carries a crew of 19 to 10 
men, including the master und gunner, and at least 1 cook, 2 firemen, 
% engineers, 6 sailors and a wireless operator, all of whom live in the 
most crowded quarters imaginable. Mounted in the bow of one of these 
boats im mancuverable cannon that fires a harpoon weighing more 
than 100 pounds, and is fitted with strong hinged barbs that open after 
it has entered the body of the whale. The head of the harpoon also 
contains an explosive grenade that is fired by contact with the whale. 
The gunner, assisted by the lookouts in the crow’s nest, scans the ice- 
filled waters of the Antarctic, the richest of all whaling grounds, for 
his quarry. When a whale is sighted the pursuit continues relentlessly 
until the victim ts harpooned, 

Once the harpoon has reached ite mark, the whale is doomed, and 
although it may dive to some depth in its death throes, it is slowly. but 
surely drawn to the surface by the steam winches of the whale-catcher 
boat. Usually the next step is to haul the dead whale alongside the 
whale-catcher boat where a hollow lance attached to a compressed-air 
hoze is trust into the body in order to inflate the carcass so that it will 
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float. Then a flag is stuck into the carcass before it is cut adrift to be 
picked up later and towed to the factory ship. When two or three of 
these whales have been captured in this manner, they are towed to the 
factory ship or shore stiution, where their carcasses are dealt with 
promptly and efficiently. 

During the first few years the floating factory chips were steam- 
ers of 2,300 to 6,000 tons, During this period also, the whales were 
cut up alongside the factory ships, and the blubber and the head 
were hoisted on board. For more rational use of the carcass these 
factory ships have heen constantly improved. ‘Tho large ships now 
in we aré provided with a slipway, usually located at the stern 
above the propellers, on which the whale cureasses are drawn. to 
the main deck by steam winches. Within 1 or 2 hours, the mam- 
moth corpse is processed down to the last scrap of flesh. 

The dead-weight tonnage of about half of the factory ships now 
in operation is around 20,000 tons, The Terje Viken, the largest 
of them all, is 633 feet long and is rated at 60,000 dead-weight tons, 
Ten whalecatcher boats are needed to kill sufficient whales to keep 
this factory chip operating 24 howrs a day, Something like 415 men 
comprise the crew. 

The perfecting of the kerosene lainp, of the gas mantle, of the 
electric light, and the deflating of women’s garments gave the whales 
a respite for some years, but a sudden demand for the glycerine 
necded for the making of ammunition for the destruction. of men 
gave the final impetus to these animals’ fast approaching doom, 
Prior to World War I glycerine was a mere byproduct of the soap 
makers. Then eame the enormous demand for this substance to be 
used in the manufacture of munitions. As whaling operations were 
necessarily suspended in the North Atlantic on account of the war, 
the active modern exploitation of the Antarctic field began. 

Whale oil is now used principally for coap, with glycerine as a 
byproduct, for the manufacture of edible fats such as margarine 
in Europe, and toa lesser extent for leather currying, fiber dressing, 
face creams, tnguents and ointments. In addition to this oil, a 
furrow-throated whale of average size will yield about 4 tons of 
meat, bone, and fertilizer, As u result of improved methods of 
pursuit und handling, us well us the discovery of new uses for 
whale oil in such things ws margarine and cosmetics, the search for 
whales is now more active than ever. 

The present century has witnessed large-scale killing of whales by 
relatively few ships, When World War I ended, it was expected 
that the demand for whale oil would drop off, but instead the total 
world production rose from 362,000 barrels in 1919 to 1,040,408 bar- 
rels in 1925. Sines then the total Antarctic production of whale oil 
hag increased year by year, the amount obtained in 1937-08 being 





3,340,330 barrels. The bulk of this oil came from finback and blue 
whales. During 1997-25 alone, 54,064 whales were slaughtered, the 
largest. number ever killed in owe year, Of these, 46,039 were taken 
in Antarctic waters during the 9T-day season extending from De- 
cember 8 to March 15 by 256 whale-catcher boats operating with 31 
floating factories and 2 land stations. | 

In the interval between 14 and 1999, nearly 200,000 whales have 
been killed in. the vicinity of the British Falkland Island De- 
pendency Claim, which comprises South Georgia, South Shetlands, 
South Orkneys, and the Palmer Peninsula: Of these there were 
about $7,000 humpbacks, more than 75,000 finbacks, nearly 60,000 
blue whales, about 4,000 si whales, 590 right whales, and Jess than 
1,000 sperm whales, 

More than half af the 15,000 or more whales captured by. shore 
stations and floating favtorios operating along the coasta of Chile, 
Peru, and Ecuador have been sperm whales, 

The first clear indication that the stocks of whales in Antarctic 

Waters: were being decimated came during the season of 1036-87. 
For several years prior to that season, blue whales outnumbered fin- 
backs two to one in the annual catches, The returns for the 1936-37 
season revealed that for the firat time more finbacks (14.381) than 
blue whales (14,304) were taken. The next year, 1987-08, 14,928 
blue whales and 28,009 finbacks were caught. The same condition 
prevailed in 1938-39 when 14,081 blue whales ond 20,784 finbacks 
were killed, 
_ The blue whale has been the mainstay of the Antarctic whale 
fishery, This whale occasionally reaches a length of 100 feet and is 
the largest animal known to have lived on this planet. It has been 
calculated that the oil, fertilizer, and other products obtained from 
o 75-foot blue whale will equal that obtained from either two fin- 
backs or two sperm whales totaling 110 linear feet, or from. three 
humpbecks totaling 120 linear feet, or from four sei whales totaling 
200 linear feet. 

Mach has been written regarding the enormous expansion of the 
whaling industry in recent years. Warnings have been given re- 
peatedly that the scale of operations and the methods employed 
constituted a menace to the maintenance of the stock of whales. 
Whalers contended for some time, however, that the Antarctic cir- 
cumpolar waters constituted w vast reservoir of whales and that 
those killed were replaced naturally by migration from inaccessible 
areas, 













a 4 





ieess, some of the large whaling companies began to ex- 
press openly some misgivings about the future of the industry if 
afterward, some of the governments, whose nationals were engaged 





in whaling, expressed their serious concern at the Gentaaing 

tude of whaling operations in the Antarctic, which had now an 
such proportions that restrictive measures were urgently required 
if the future of the industry was not to be gravely endangered, 

Although there were muny difficulties in the way of adoption of such 
measures, it was recognized that, in the interests of conserving the 
stocks of whales, this could ba accomplished only by international 
action, On April §, 1930, « committee of experts met in Berlin ot the 
request of the Economic Committee of the League of Nations to con- 
sider the foasibility of international! regulation of the whaling m- 
dustry. The draft convention prepared at thia conference, after hav- 
ing been modified in certain minor respects, was ratified by 17 countries 
and wcceded to by § others. This convention, however, did not come 
into force until January 16, 1935. By its provisions, fall protection 
waa given to all kinds of right whales; the taking or killing of calves, 
and females accompanied by calves, was prohibited; and the fullest 
possible use of the eurcasses of all whales taken was required, 

The first restriction in pelagic whaling operations, however, came 
in 1982, purely as the result of economic necessity, The whale oil 
market was glutted and the Norwegian fleet remained in port. The 
following season, influenced in part by the world financial crisis, all 
the companies, with one exception, agreed to restrict prodnction to 
2,000,000 barrels of whale oil. 

Freed with the prospect that there would be no voluntary limitation 
of production during the 1934-35 season, the Norwegian Government 
found it necessary to consider amendments to the Norwegian Whaling 
Act to regulate the industry. It was recognized that the high standard 
of efficiency attained by the factory ships threatened the perpetuation 
of whale stocks. Consequently the Norwegian Whaling Act of 1934 
conferred on the Crown the authority to restrict the whaling season 
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to certain periods of the year, to enforce total utilization of the whale 


carcass, and to prohibit the killing of undersized whales, 

In 1936, the Governments of Great Britain and Norway pledged 
themselves to curtail the season everywhere south of 40° south latitude 
to the 0) days between December 8 and March 7, and to limit the 
number of whale-catcher boats operating with each floating factory. 
Repeated conferences between officinis of these two Governments led 
to the calling of the Tnternational Conference for the Regulation of 
Whaling held at London during June 1957, Stringent regulations, 
er “gate laws," covering the minimum legal aizy for whales of each 
species, and prohibiting the killing of females accompanied by calves, 
as well os all right and gray whales, were drafted for approval by 
the Governments of South Africa, Argentina, Australia, Germany, 
Great Britain, Eire, New Zealand, and the United States. This agree- 
ment came into force as regards the United States on May 18, 1938, 
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Under the terms of this agreement, factory ships are barred from 
operation on the calving grounds of whales, and are obliged to make 
the fullest possible use of the whale carcass. Some minor modifica- 
tions were written into the Protocol of June 1988, including the pro- 
tection of the decimated stocks of humpbacks in Antarctic waters and 
the establishment of an Antarctic whale sanctuary between the Ross 
Sea and Cape Horn. 

Weare now witnessing what, without much doubt, is the last phase in 
the history of whaling, for after the culmination of the present ex- 
ploitution of the Antarcti¢ ceas, where in the past 40 years more than 
730,000 whales have been killed, no unexplored seus are left to be 
harvested. 

If the exploitation of the whale stocks continues on the present scale, 
the time must soon arrive when the last remaining stocks of whales 
will be so depleted that it will be economically impossible to operate 
the great floating factories, One more of nature's howrties will have 
bean sacrificed to man's greed. 
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THE RETURN OF THE MUSK OX 


By Sranter P. Touwa 
Senior Biologiat, Fish end Wildlife Service, 0. 5. Department of the Interior 


(With @ plates] 


The musk ox, one of the most interesting mammals of the bleak 


Arctic, has returned to Alaska, and while little ia known of its disap- 
pearance from that region more than a century ago, its return is boldly 
written in what i# perhaps the most dramatic chapter in the annals of 
big-game conservation, Indeed, this remarkable undertaking of rein- 
troducing & game animal into its anctent habitat has few parallels im 
conservation history. 

To reestablish their kind in our northern territory, the musk oxen 
were transported by boat and by railway a distance of approximately 


transplanting any mammal for restocking purposes. Captured in 
Greenland, the animals were shipped by boat to Bergen, Norway, and 
then to New York City. There they were crated and sent to Seattle, 
Wash., on express railway cars, to be loaded again aboard a boat for 
Alaska, More than 2 months were required to move the animals from 
Greenland to Fairbanks. Despite this record-breaking journey, the 
herd, consisting of #4 animals—15 males and 19 fomales—arrived at 
its destination in splendid condition, 

This was in 1980. Nine years later, in 1999, when the herd was last 
counted on Nunivak Island, where it was released, it numbered 60. 
Biologists have full faith that the animals will continue to increase 
and in time be of sulficient number to permit restocking of other areas 

But before reviewing this amazing undertaking, it may be well to 
consider the musk ox and its bleak habitat. The term “Arctic,” to a 
great many people, suggests a desolate, ice-bound land—or water— 
where little life is supported. However true this may at first appear, 
there is error in such thinking. In our so-called Arctic wastes may be 
found a profusion of bird and mammuil life in season, euch as many 


4 Reprinted br permission from American Forests, Auguat 141. 
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epecies of migratory waterfowl, fur bearers, Arctic hares, lemmings, 
caribou, wolves, and musk oxen. 

The greatest concentration of wildlife in thy so-called Arctic wastes 
is to be found during the late spring and eummer months, following 
which nearly all the mammals either hibernate or, along with the birds, 
migrate to o more suitable wintor habitat, Of the mammals which 
neither hibernate nor to any great extent migrate from this chosen 
Arctic home, the musk ox is capable of contending with of the 
bleakest habitats found anywhere. 





This picturesque mammal was first discovered in North Amerien by 
intrepid northorn explorers and traders near the close of the seven- 


teenth century. Althougli, aa may he conjectured, the musk ox is 
related to wild ard] domestic cattle, it is generally smaller than most 
breeds, though some of the old animals have weighed 900 pounds. From 
the tip of its nose to the end of its short ratlike tail, the musk ox is 
nearly 8 feet long. As with most mammuls of the cattle type, the 
udult bull is larger than the female. ‘The young, one baby calf, is gen- 
erally born in April or in early May, and this calf is reared in the 
valleys of the Arctic hills, mountains, and tundra flats. Tere a pro- 
fusion of sedges, grasses, and shrubs blossom in the fast-growing short 
spring and summer, and from these the herds with the young take their 
ubsistence, These herds are generally small, averaging from 6 to 12 
animals, 

Arctic summers usually disappear with great suddenness, leaving 
little semblance of an autumn, and early snows cover much of the 
musk ox's food. With this quick disappearance of fresh grasses the 
mammal tums to dwarf willows, caxifrage, and other herbaceous 
plants and grasses which it obtains by pawing through the snow with 
its broad hoof. | | 

Two of the natural enemies of the musk ox have been the Arctic wolf 
and the isolated tribes of primitive man, such as the Eskimo and the 
Indian, Aguinst these enemies this interesting and formidable appear- 
ing Arctic creature held its own in fair numbers. The modern firearm, 
however, coupled with predation and the take by the northernmost 





tribes, spelled its doom. 

Originally, nmsk oxen occurred from Alaska eastward to and in- 
clading Ellesmere Island. Crossing Baffin Bay, and «till eastwaril, 
it Was again encountered in the coastal fringes of Greenland. Adol- 
phus W. Greely, leader of the famous Greely Arctic Expedition in 
the early eighties, found the animal near old Fort Conger, approxi- 
mately 1,100 miles north of the Arctic Circle, on Elleamere Tsland, 
and points westward. Greely’s men captured calves and attempted 
to tame them, with the result that some beeame docile and tractable 
even to the extent of hauling in teama, The chief difficulty was to 


keep the sledge dogs of the expedition from killing them, 





THR MUSK ox—YOUNG 319 


Today the musk ox hus disappeared from much of ite original 
Arctic domain. The use of modern firearms against the musk ox, 
which began 40 years prior to the advert of the present century, 
has been the greatest contributing factor. For a time its skin was 
utilized in the fur trade; northern whaling crews killed many ani- 
mula for food; then the formidable heads with sharp, curved horns: 
became highly prized as trophies. Canada, taking cognizance of this 
condition, some years ago set up a musk ox sanctuary of approxi- 
mately 15,000 square miles along the Thelon River east of Great 
Slave Lake in the Northwest Territory. 

Resoareli has failed to find any authenticated occurence of the musk 
ox in Alaska sinceit was first explored by Europeans. The various 
tribes of natives in the Territory, however, state that the animal did 
eeeur there about 100 years ago, Also, remains of the mammal have 
hoon found in Alaska: and it is known that portions of the Territory 
are suitable for musk oxen. 

So, in 1927, resident Alaskans presented a memorial through their 
Territorial legislature addressed to the Senate and House of Repre- 
sentatives of the United States requesting funds to purchase a ermal 
herd of musk oxen. ‘This plea came to the attention of the late 
Sonutor Peter Norbeck of South Dakota, that grand old man of 
wonservation, 2nd Representative C, C. Dickinson of Towa, later 
Sonator from that State, Together with Irving McK. Reed, then a 
member of the Alaska Game Commission, they obtained favorable 
action by Congress for nn appropriation of $40,000 to be used in ob- 
taining a herd of musk oxen and transporting the animals to Alaska 
for restocking purposes. This action was approved by the Presi- 
dent on May 27, 1930. The agency of tho Federal Government to 
which this undertaking was entrusted was the Bureau of Biological 
Survey of the Department of Agriculture, later transferred to the 
Department of the Interior, and during the past year combined with 
the Bureau of Fisheries into an organizntion known as the Fish and 
Wildlife Service. 

By the time the appropriation became available musk oxen in 
North America had become so reduced in numbers that it was im- 
possible to obtain surplus animals, Finally, contact was made with 
Joha. Lund of Anleannd, Norway, who wns familiar with the tech- 
nique of capturing musk oxen alive in Greenland. To him, therefore, 
was given the contract and task of rounding up a herd of 34 animals. 
The Greenland musk oxen differ somewhat from those that formerly 
occurred on the continent of North Americn, foremost in that they 
are slightly smaller. However, from « practical game-manage! 
standpoint, the differences mre negligible, 

The majority of these Greenland musk oxen were roped by Mr. 
Lund and transferred from the mainland in whaling boats to a ship 
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which carried them to Bergen, Norway. They were placed in spe- 
cially constructed crates which permitted the animals to stand or to lie 
down in comfort. Grasses and hay taken in the locality of their 
capture provided suitable food, 

On September 6, 1930, the herd of 34 animals, half of them calves, 
the remainder yearlings and 2-year-olds, was shipped from Bergen 
and 10 days later arrived in the port of New York. From there 
they were removed to Athenia, N. J., where for 33 days, in accord- 
ance with Federal regulations, they were held in quarantine. This 
procedure was necessary to be assured that such diseases ns foot-and- 
mouth disease and rinderpest were not present in the herd. During 
this interval two experts from the Biological Survey were placed 
in charge of the animals, and American-grown nlfalfa hay became 
their main food. About 5 pounds of hay an animal were consumed 
daily along with considerable water, the latter probably cansed by ex- 
massive heat on the Atlantic seaboard and, in addition, to thirst 
caused by the great environmental change. 0 

At the end of the quarantine period, the animals, still in their 
individual crates, and well supplied with hay and water, were loaded 
into steel express cars for their b-day trip to Seattle. At this point 
they were again placed aboard a boat for the week's journey to 
Seward, Alnska; then in freight box cars, they made the rail trip 
northward to College, near Fairbanks. They arrived at this desti- 
nation on November 4, and on the following day, near the campus of 
our most northerly institution of higher learning, the University of 
Alaskn, were released into a 7,500-nere pasture—part of the Biolog- 
ical Survey's cooperative reindeer experiment station, This was to be 
their home for the following @ years—yeurs of care, study, and ex- 
periment. All the musk oxen reached College in splendid condition. 

Accidental injuries reduced the herd to $2 animals shortly after it 
waa placed in the pasture. These, however, soon responded to han- 
dling and could be driven easier than reindeer when it was desired to 
corral them. While under observation nt this point, it waa found 
that in epring and fall the animals fed chiefly on grasses and sedges, 
in. summer on shrubs, and in winter on cured frases, sedges, and, to 
extent, on lichens, By 1932, the herd was further reduced, 2 of 
the animals falling victims to bears. 

Th April 1934, the first of the calves were born, and in May and June 
additional calving took place. There were nine 56-year-old cows at 
this time and seven of them gave birth to calves. Four cows that were 
4 years old did not breed. Of the original 34 animals brought to 
Alaska, 10 had died by 1934, leaving 24 of the original herd and 3 new 
calves, a total of 29. Additional calving during the spring of 1935 
brought the herd to a2, 
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Tt was ascertained up to this time that apparently the musk ox does 
nat breed unfil 4 years of age, and calves at 6 years. It was also found 
that the gestation period is 8 months rather than 9 months, as pre- 
viously believed. | | 

In the summer of 198% the first of these musk oxen, two adult bulls 
and two adult cows, were liberated on Nunivak Island in the Bering 
Sea. Unfortunately, a third cow was killed en route. This island 
lies approximately 25 miles from the mainland and south of the mouth 
of the Yukon River. It is about 40 miles wide and 70 miles long, 
containing nearly o million acres of superb grazing land. Also, the 
island is completely free of all predators, such as bears and wolves. 

Tn 1936, when checks indicated the four animals were doing well, it 
was determined to liberate the remainder of the herd there. The ani- 
mals were accordingly rounded up and erated—Q7 in all. By this time 
the youngsters trapped in Greenland had matured into real animale, 
and it was with difficulty that they were captured. They were hauled 
by trucks and freight cars to Newma, from which point they were 
transferred to the engine deck of the S. S. Nenana for the long trip 
down the Yukon River. Arriving at Marshall 4 days later, the animals 
were reloaded toa covered barge and, towed by motorship, resumed 
their journey down the Yukon to its mouth, at Kotlik, thence across 
Pastol Bay in the Bering Sea to St. Michael. Here they were placed 
on an open barge. the crates covered with tarpaulins, being lashed 
with cables to prevent shifting of the load. On. July 14 the barge, in 
tow of # motorship, headed for the open sea nnd Nunivak Island, 

At this time of year northern Alaska may be visited by sudden and 
severe storms, so there wia great anxiety on the part of those of us 
directly concerned with the movement and management of the ani- 
mals, Three men were assigned to the barge, one to look after the 
barge itself, the others to care for the comfort of the musk oxen, 
From the words of one of these mon, some idea may be had of the 
linzards involved in this dramatic trip: 


In tetting out the towline, It fouled on an object In the bottom of the bay, per- 
haps an old 1,000-pound anchor, which was dragged out to Stuart Tstand, a 
distance of nbout 15 miles, before being dislodged. Heavy seas were encountered! 
ontalie of St, Michael Bay, and until we reached the whelter of Stuart Idland 
the gaine was rough. The welght on the towlloe pulled down the bow of the: 
barge and prevented It riding over the waves, so it plowed through them. The 
barge was put to considerable strain these 3 hours. After freeing the towline 
the barge rode more emoothly. 

Wher we ruched the open sea the barge began to reveal ite age The drift 
bolts in the bow parted, epening o senm Its full wilth, through which the water 
poured each time It hit a ware. Other seams began to open, and by $ a. m., the 
water stood 2 fee. deep in the well of the bold. 
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Hand pumps were resorted to and the speed of the towing ship was 
reduced until a stop was made in the lee of Sand Islands, Here the 
barge was repaired, and on July 16, the journey resumed ta Nunivak. 
By early in the evening of that day, anchor was made on the east 
side of the island, a few miles south of Cape Etolin. | 

A number of Eskimos live on Nunivak Island, and through the 
active interest of Carl Lomen, the well-known conservationist, of 
Nome, Alaska, their cooperation was obtained, and the unloading of 
the animals was comploted on July 17. The head man on Nunivak 
Island, well known as trustworthy by Mr. Lomen, had a radio receir- 
ing set. In order to insure additional manpower that might be vital 
to success in unloading the musk oxen under adverse conditions, Mr. 
Lomen broadesst a message to the island three times a work over a 
lengthy period prior to the anticipated date of arrival: The weather 
fortunately held good, which enabled ihe me ‘to place the barge 
well inshore. From this position gang planks were placed onto 
dry land, and down these planks the crated musk oxen, one by 
one, were shoved, Released from their crates, the animals soon took 
to their new and permanent home. A reconnaissance of the island 
proved that the four musk oxen released in 1935 were definitely estab: 
lished, A check of the island in 1980 revealed that the initial etock of 

4 animals received at College from Greenland in 1930 had multiplied 

Thus Alaska has her musk ox once again, after probably the longer 
est and most hazardous journey in the history of transplanting any 
mammal for restocking purposes. The total distance these animals 
traveled was approximately 14,000 miles. But a sudden storm mnight 
have wrecked all the fine work that wns so vigorously and effuctively 
sponsored by Senator Norbeck and Representative Dickinson 6 years 
previously—in fact, wrecked the whole venture and caused the loss of 
hiiman life. But such is the risk many enthusiasts in wildlife con- 
servation are willing to assume, 

It is hoped that as the Nunivak herd continues to increase n surplus 
will be produced. his will permit the restocking of other Alaskan 
areas containing suitable tiwhitat where this interesting mammal of 
the bleak Arctic may live and breed and thus perpetuate its kind again 
over much of its old range in that romantic territory, 
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INSECT ENEMIES OF OUR CEREAL CROPS 





By (. M PackaAup 
Principal Entomologis!, Bureau of Entomology and Piant Querantine, Agricul- 
tural Reacarch Administration, U. &. Depertment of Agriculture’ 





[With 10 plates] 


To the casual observer the growing of cereal crops such as corn, 
wheat, und onts seema to be a very simple procedure, We accept our 
daily bread—ag well as our meat, milk, and eggs—with little thought 
af the labor involved nnd tho difficulties surmounted in placing these 
essentin} foods on our tables, In these days of urban industrial life 
two-thirds of the population have forgotten, if they ever heard, the 
old rule for planting corn: “One for the squirrel, one of the crow, oni 
for the cutworm, and. one to grow.” Nevertheless, with all our 
modern improvements in farming, the crop losses recognize in this: 
old adage still occur, even thongh ways of reducing these Insses ure. 
gradually being found, 


LOssHs AND SAVINGS 


'The 28 percent loss of crops implied by this old saying as being due 
to insects ia much too high for a general average, although almost 
total losses are caused annually by one insect pest or another in 
oceasional fields, An annual reduction due to insects of about 10 
percent in crop yields is, however, considered a conservative estimate, 
Even this much reduction may mean the difference between profit and 
lose from a whole year of labor by an individual farmer, Moreover, 
in these days when so many men are fighting instead of producing and 
when they, as well as our allies, must be fed if the war is to be won 
and starvation is to be prevented, tho toll taken by the insects as well 
ag our other enemies increases in importance, The 10 percent of our 
normal production of staple crops taken smnually by insects would 
far more than feed all our fighting forces and would go far toward 
supplying the food needed by our allies. 
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The following figures are carefully considered estimates of average 
innual losses due to the most injarious species of a long list of insects 
that attack cereal crops: 

Iaaect Crops affected Arnnwal lasses 
Hessian fly. Wheat. 























Hica weerll____________ Stored com, wheat, and rice. 65, O42, 000 
Other etored-grain insects. AN erminw ——-—__—.-— 800, 000, O00 








Total ye! <= $00, B82, 000 


Very few satisfactory estimates of the value of crops saved through 
the application of contrel mensures have been made. Definite figures 
on thia subject wre extremely diffioult to obtain. They are available, 
however, for a few Fedorally supported and organized program to 
protect crops from certain insect pests, For instance, in 1984 it was 
estimated that thrngh # combined Federal and State expenditure of 
$1,212,776 in u eooperitive effort to contro) the chinch bug, at least 
$25,500,000 worth of corn was saved from destruction. Thue, for exch 
dollar expended approxi mately $21 worth of corn waa saved. 

Publicly supported grasshopper-control campaigns also afford ex- 
amples of the crop savings realized from insect control, as shown by the 
following figures on recent operations. 














Theee savings have been largely dus to Federal and State research 
work on the development, im rovement, and application of grnss- 
hopper-control measures and serve to illustrate the value of auch 
research. An average of $2,229,714 has been expended annually by 
the Department of Agriculture luring the fiscal years 1938 to 1942, 
inclusive, in research directed toward the control of the insecta af- 
fecting man and his food crops. At thia rate it thus becomes evident 
that the value of crops saved in the single year 1939 from grass- 
hoppers alone has repaid for more than §7 years of research work 
conducted by the Department on all the fteat variety of noxious in- 
sects that beset us. Moreover, with the application of insect-control 
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measures discovered by research, not only for one year but for many 


years, the returns become continuous and enormous as compared 
with the original cost of finding and perfecting them. 


MODES OF INSECT ATTACK 


Like human armies, insects attack in a variety of ways. There are 
the aviators, the ground troops, the subs (though subterranean rather 
than submarine), and the borers from within, all in most eflicient 
combination. What they lack in size is more than made wp in num- 
bers, They attack our cereal crop plants underground, bore within 
them or eat the leaves or grain during part of their lives, and then 
become aviators for purposes of infiltration and advance, White 
grubs, wireworms, and rootworms gnaw the roots of grain crops, 
change to actively flying beetles in their adult stages, efficiently select 
favorable locations for the next attack by their underground progeny, 
and plant time bombs in the form of eggs which hatch into most 
effective supper battalions. The adult moths of corn earworm, corn 
borers, and armyworms; the adults of the hessian fly, jointworm, 
and sawilies: and the winged adults of chinch bugs, and grasshoppers, 
fly from field to field—eome of them for much longer distances—and 
lowate their ground troops of borers and scorched-earth specialists in 
the most advantageous positions for crop destruction. 

In their ability to change from one form to another, and to live off 
the country, the insect enemies of our cereal crops are In somo ways 
more efficient than we or our human enemies. This ability greatly 
complicates the problem of fighting them, since only in certain 
stages of their insidious, versatile, and persistent attack oun they be 
fought successfully. Furthermore, the methods of defense usable 
apminst them are limited by the low yalue per acre of these crops, 
Even though in the aggregate the cereal crops are by far the most 
essential and valuable of our farm products the returns per acre to 
the individual grower are in general comparatively small and he 
cannot afford expensive measures for contro) of the insects attacking 
them, 





Painfal experience and painstaking study have, however, shown 
many ways of overcoming these pests. Fortunately for us, each 
species always follows about the same tactics and usually there are ons 
or more vulnerable points in the course of their activities at which 
they can be attucked successfully, In some instances no highly ef- 
fective und practical means of overcoming them have yet been found, 
and in others a combination of several control measures is necessary 
in order to subdue them, Obviously, the first essential in the control 
of an insect is a thorough knowledge of its life history and habits in 
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relation to the cultural methods required for the crop or crops on 
which it feeds. With this knowledge as a basis we are in a position 
to determine what mensures can be utilized in its suppression, such as 
changes in time of planting the crop; changes in the succession of 
crops in the rotation; best tillage metlods und best time to apply 
them; timely destruction of crop residues: use of mechanical devices, 
barriers, and insecticides; and the discovery or development of .re- 
sistant varieties of the crops attacked. 


COLMTURAL CONTROL MEASUHES 


Variations in the cultural procedures ordinarily followed in growing 
the particular kind of grain attacked may often be utilized in pre- 
venting Injury to that crop by eertnin insects. Control mensures of 
this type are especially desirable because they add little or nothing to 
the expense of growing the crop. One of the most effective means of 
preventing the hession fly (pls, 1-3) from attacking winter wheat, for 
instunce, is to delay the sowing of the crop in the fall just fong enough 
so that it does not come up until the fall fight of the insect is past. 
Moderutely late plantings of corn are less seriously damaged than early 
plantings by thie rootworm or “hudworm”™ (pl. 4) in the southeastern 
States, and hy the European corn borer in the northeastern States. 
Ayain, midseason (May) plantings of corn in southeastern Texas are 
better able to survive the attack of the sugarcane borer, a serious pest 
of corn in that area, than early or late plantings, because they escape 
the first brood and attain enough growth before the advent of the 
second nnd later broods to withstand them more successfully than Inte 
plantings do. 

The proper disposal of crop residues is often helpful’ in the control 
of certain Insects, und highly important in the control of others. ‘The 
European corn borer survives the winter in the full-erown caterpillar 
stuge, chiefly in the stalls of corn and coarse-stemmed weeds. In late 
Spring or early summer the caterpillars change to moths which fly 
to the new corn for egg Inying. Complote disposal of the plant resi- 
dues in which the borers overwinter, by plowing them under (pl. 5), 
feeding them to stook, or burning them before the spring emergence 
of the moth, is one of the most important control measures for this 
sect. The sugarcane borer has similar habits in sugarcane, sorghum, 
and corn, except tliat the warmer climate along the Gulf coast where 
it occurs exuses the adult moths to emerge earlier in the spring; hence 
fall or winter disposal of the residues of these crops is helpful in the 
control of this mecct also. In the case of severgl wheat-infesting 
insects, e. g., the hessian fly, jointworm (pl. 4), strawwormn, and saw~- 
lly, the plowing under of the wheat stubble during the summer or 
early fall prevents their enwrgence to infest the new crop. or to breed 


ind imaltiply in the volunteer wheat that would otherwise grow in the 
stubble fields. 

Certain tillage practices may sometimes be utilized in breaking the 
annual cycle in the development of certain epecies. Plowing, for in- 
stance, may be extensively and profitably applied in the control of 
grasshoppers. These insects are not as improvident as Aesop's fublo 
about the grasshopper and the ant would imply. During late summer 
and early fall most species deposit their egg pods in the ground (pl. 8), 
sometimes in enormous numbers, and thus: having provided for the 
succeeding generation, die naturally of old age. The esses normally 
remain well protected in the soil until the following spring without 
need of any food supply. In fact, the common injurious species spend 
§ to 8 months of the year as eggs in the top 8 inches or so of soil, If 
sometime during this long period, preferably in the fall, the soil is 
turned over by plowing to.n depth of at least-5 inches and the surface 
layer well compacted by subsequent cultivation, the little hoppers 
hatching from the eggs can be effectually prevented from emerging 

The pale western cutworm, a serious pest of small grains in the 
Great. Plains, provides another example of how knowledge of an in- 
sovt’s habits may lead to inexpensive and practical cultural control 
methods, It is known that most eatworms hide in the soil during the 
day but come out to crawl around on the surface at night. They can 
he cheaply and easily controlled, therefore, by spreading poison-bran 
bait im the infested fields, the worms eating it during the time they 
spend above ground. But the pale western cutworm cannot be con- 
trolled by this method because it stays underground both day and 
night, and progresses from plant to plant by burrowmg along jnat 
woderneath the surface. A Canadian investigator discovered 
ever, that these worms quickly die after they hatch out in the early 
spring if the newly sprouted vegetation is all killed by thorough: cul- 
tivation a§ soon as the worms have had a little time to feed. Strangely 
enough, they can survive for: some time if they have had no food, but 
die quickly if they lave once fed and are then deprived of food. The 
infested fields may therefore be cleanly fallowed for about § weeks 
soon after the worms have hatched, and then sown to spring grams 
with little subsequent injury to the crop, which otherwise would have 
been ruined by this cutworm. 

A different strategy has also been used successfully against the pale 
western cufworm in the southern Great Plains where fall-sown wheat 

is the principal grain crop. In studying the insect’s habits it was 
pei Oe that the adult moths, which emerge in the full, tend to fly 
to, and lay their eggs im, fields or portions of fields that had been 
allowed to produce u growth of vegetation during the summer. Win- 
ter whent. sown in euch fields was severely injured by this eutworm 




















the following spring, while fields that had been cleanly fallowed prior 
to Seeclip esca pecl injury. 

Rotation with other crops is often used to great advantage in pre- 
stricted food habits, The larvae of June beetles, commonly called 
white grubs (pl. 14), are partial to crops belonging to the grass family 
and, by gnawing their roots, cause serious injury to pastures and grain 
crops planted on land that has in sod. Leguminonus crops, on the 
other hand, are unfavorable to their development, and the proper use 
of legumesin the rotation, orin combination with grasses in pastures, 
serves to reduce their depredationas to negligible proportions. 

The corn rootworm (pl. 4), a serious pest in the Corn Belt, and the 
gripe colaspis, another enemy of both corn and soybeans in that region, 
often become extremely abundant in fields that are planted to corn 
or soybeans for 2 or $ years in succession. ‘These insects are very 
restricted as to food plants, however, and can be readily eliminated 
as serious factors by crop rotations that are not only effective for this 
purpose but also are good general farm practices, 

Suitable crop rotations wre also very useful ng auxiliary preventive 
avec and sawfly, which frequently canse serious injury to 
riedt. 

Crop rotations and intensive farming, on the other hand, may be 
favorable to some insects, such es the chinel) bug (pl. 12), This isa 
native American insect which probably fed on certain wild pruirie 
grasses and was of no consequence before the native sod was plowed 
and planted to crops. The settlement of the prairies and the almost 
complete utilization of lirge arens for the production of grains pro- 
vided the chinch bug with crops much. to its liking. An abundance 
of wheat and other small graina for the early summer brood to feed 
upon, and great nereages of corn in close proximity on which to finish 
its growth and produce one or more additional broods during the 
season, were ideal for its multiplication, with the result that it imme- 
diately became and hus since remained one of our worst grain. pests. 
Much can be done toward its control, however, by modifying the 
farming system so as to break the continuous rotation and the prox- 
imity of corn and small grains so favorable to the chinch bug, through 

Other cultural measures inherent in good farm practices, such as 
the use of fertilizers and soil-building crops, the planting of the new 
crop as far away as possible from the fields that bore the same crop 
of cereal crop pests. Since most of thees are, in themselves, profitable 

















S—PACKARD 329 


procedures, no added expenze to the farmer is involved in obtaining 
the added protection from insects which they afford. 





MECHANICAL CONTROL MEASURES 


The mechanical devices used for the control of insects attacking 
cereal crops are confined mostly to the ordinary farm tools, which, 
however, rather than having any direct effect on the insects themselves, 
are chiefly effective indirectly through their use in cultural procedures 
and cropping systems. Plowing and disking do, of course, kill » 
considerable proportion of certain eoft-bodied insects, such as the 
white grubs, cutworme, earworms, and rootworms, particularly if done 
ut a time when they are changing from the worm to the adult beetle 
or moth stage in tleir underground pupal cells, The indirect effect 
of plowing tnder corn residues containing corn borers and soil con- 
taining grasshopper eges to prevent their emergence has tlready been 
mentioned, In these cases, however, the benefits are derived mainly 
from the burial of the insects rather than from the mechanical uction 
of the plowing. In general, the diréct mechanical effect of the ordi- 
nary acil-working todls is of minor importance in the control of the 

The rotary plow should perhaps be mentioned as an exception to 
this statement. ‘This machine has a power-driven horizontal oylinder 
bearing # series of blades somewhat like a lawn mower, It not only 
turns over the soil but chops it finely, together with any insects, such 
us white grubs, it may contain and has buen reported to be very effec- 
tive nguinst soil-infesting insects. Becenuse of the high cost of opera- 
tion and the impracticability of using it in stony ground, however, it 
has not come into gonern! use. 

With the exception of equipment for the pplication of insecticides, 
the development of special mechanical devices for the direct control 
of insects has been very limited. In this feld the development of ma- 
chinery for the destruction of European corn borers has been most 
thoroughly investigated. As a result of intensive cooperative work 
by agricultural engineers and entomologists several useful forms of 
equipment have been devised or adapted for corn-borer control. These 
include low-cutting attachments for corn binders and harvesters, 
hand cutting hoes and stalk shavers (pl 7) for use in low-cutting of 
corn to be shocked by hand or corn stalks to be plowed undir, shred. 
ding and chopping attachments for mechanical corn pitkers, sta- 
tlonary husker-shredders, silage cutters and field silage harvesters, 
and stationary fodder cutters and grinders, Although little of this 
machinery has yet come into general use, With the iucrease of the borer 
in the main Corn Belt it may be used extensively after the war, When 
materials essential in its manufacture are available. 
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Ii the field of development of mechunical insect-control devices 
uttempts to produce s practical grasshopper cutcher or “hopper- 
dozer” have been many and varied, and have been more or less con- 
tinuous since the great outbreaks of the Rocky Mountuin locust soon 
after the Civil War, Certain of these machines are fairly practical 
for the control of some species on some crops and under certain con- 
ditions, especially since the advent of motor trucks and tractors to 
which they can be attached and by which they can be run rapidly over 
the infested fields. Even the best of them are not very efficient, how- 
ever, and the use of “hopperdozers” has been nlmost entirely super- 
seded by the cheaper and more efficient poison-baiting method of 
control, 








INSECTICIDES ANT) REPELLENTS 


By far the most extensive uses of insecticides for cereal insects ure in 
the form of baits for grasshoppers, armyworms, and eutworms ottack- 
ing these crops im the field; and of fumigants for moths, weevils and 
related insects attacking grain or cereal produets during storage or 

Before the advent of poison-bran bait the farmers were at as grout 
a disadyaniaye against several of these insects as were the Indians 
with their bows and arrows aguinst the American pioneers equipped 
with rifles. Cultural methods of one Icind or another, most of which 
ire preventive rather than remedial, ind which, to be effective, must 
be applied befors the crop is actully planted, were practically the 
only recourse of the farmer. Even the best informed and moat fare- 
sighted farmers were more or less helpless in the face of the periodical 
outbreaks of one or another of these insects that occur when con- 
ditions favor their increas for nu senson or two. Many less well in- 
formed farmers devoutly believed that a visitation of urmyworms or 
grasshoppers to their fields was divine punishment for some trans- 
gression of which they might not even be aware, 


The first recorded use of poison bait against grasshoppers was in 
the 1880's by farmers in the San Joaquin Valley of Californian, Doubt- 
less the first farmer to try it was considered by his neighbors to be 
rither weak-minded if not crazy to expect the hoppers to pay any 
attention ton thin sprinkling or a few little heaps of poisoned bran 
iy competition with their natural food plants. Nevertheless, the 
scheme worked surprisingly well. It was improved by the substitution 
of wheat bran for middlings and called to the attention of farmers 
and entomologists in other parts of the country by D. W. Coquillet, 
i noted investigator of that day in the field of insect control, wlio first 
observed its use in California. , 
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With recurrent grasshopper outbreaks in many other States the 
method gradually came into much wider uee (pl, 10) and its effective- 
ness against armyworms and cutworms as well as grasshoppers became 
more generally known, Many attempts were made to increase the 
efficiency of the bait by the addition of flavorings of one kind or 
another, such as cane molasses, ground citrus fruit, or banana oil, to 
make it more attractive to the grasshoppers. Up to the present tim, 
however, the wheat bran itself, and products closely related to it, have 
proved to be about the most attractive, most widely available and 
cheapest material anitahle for large-seale use. The effectiveness of 
bran baits has not been increased enough by any other attractants yet 
found to warrant the trouble and cost of adding them. On the other 
hand, it has been found possible to dilute the bran greatly with cheaper 
inert flaky substances, particularly wood sawdust or cottonseed hulls, 
without materially reducing the efficiency of the bait. As a result of 
this discovery the cost of bait per acre has been much reduced ond 
the funds available for control operations have teen made to go much 
farther in recent years than formerly, The quantities of bait used 
during the years 1999, 140, and 1941 for the control of grasshoppers, 
and the crop savings realized thereby are given in the table on page 324 

Large quantities of bait have also been used during the past several 
years in the control of armyworms and Mormon crickets. It is only 
within the last 3 or 4 years that bait has been used successfully against 
the latter; Although the Mormon cricket (pl. 11) is really a big 
wingless grasshopper and likes the sume crops, it will have little to do 
with the standard bait in which an arsenical is used os the poisonous 
ingredient. For many years this was thought to be due to all sorts of 
reasons except the right one. Finally Cowan and Shipman lournes 
from their experiments that the crickets refuse to eat baits containing 
an arsenicn! even in extremely small quantities but that they will take 
them readily when sodiim fluczilicate is substituted as the poisonous 
ingredient. ‘This discovery has resulted in much cheaper and more 
effective control by baiting than was possible by any of the methods 
previously used, which included dusting the cricketa with sodium 
araenite and the installation of barriers and traps of one kind or 
another (pl. 11) to dispose of the migrating bands. 

Sodium fluosilicate bait is also just as effective against grasshoppers 
a2 the arsenical bait and, owing to the mare of arseniculs asa result 
of war conditions, i supplanting it in grasshopper-control operations. 
Fortunately, no scarcity of sodium Suosilicate has yet developed. 
Another very valnable feature of the fluosilicate is its distastefulness 
to livestock and the probable elimination through its use of the 
accidental poisoning of stock which sometimes occurs as the result of 
carelessness in the handling of arsenical bait or sodium arsenite dust. 

In the large-scale publicly supported campaigns of recent years, the 
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control of grasshoppers, Mormon crickets, and armyworms has been 
zratly increased in scope and efficiency by the invention and wide 
tse of motorized equipment (pl. 10), The invention and nse of power 
bait-mixing machines, traction and power bnit spreaders, the use of 
motor trucks for hauling bait, and the adaptation of airplanes for its 
rapid application, especially on terrain not readily treated by ground 
equipment, have all contributed wonderfull vy tothe practicability and 
effectiveness of large-scale control operations againat these insects, 


The habits of certain of the insects attucking cereal crops ane such 
that chemicn] or mechanical barriers, or a combination of both, may 
be used to good advantage in their control, The chinch bug is a good 
example. This insect is one of the worst pests of corn in the main 
Corn Belt. When weather conditions are favorable it develops in 
enormous numbers in the small grains during the spring and early 
summer, sometimes seriously injuring considerable acreages of them. 
The small grains usually ripen before the spring brood of bugs attains 
the winged or adult stage and the immature bugs then migrate on 
foot from the small-grain fields into the nearby folds of young corn. 
If this migration is not stopped im medintely the complete destruction 
of the corn may be only a matter of days. Fortunately for the farm- 
ars, however, the bugs must migrate by crawling instead of flying; 
hence, it is possible to etop them effectively by means of a barrier of 
same kind (pl. 12), One of the best barriers is a line of coul-tar 
creosote placed across their line of advance, applied directly on a 
smooth, hard-packed low ridge of earth or on a fence about 2 inches 
high made of heavy paper, ‘Tho latter method is the more efficient. 
Post holes to serve as traps are then dug about every 20 feet along the 
side of the barrier toward which the bugs are migrating. Croosote is 
very repellent to chinch bugs, and they will not cross the barrior line as 
long as it is kept in good condition, Instend, they travel in streams 
along it until they fall into the post holes where they are killed. With 
the prompt installation and proper maintenance of these harriers the 
corn can be completely protected, | 

But here azain we encounter another instance of the far-reaching 
eflect of the present war, It has created a acarvity of conl-tar creosote 
that may make this material difficult, if not impossible, to obtain for 
thinch-bug control. Anticipating this situation, however, both State 
and Federal entomologists have been experimenting with possible 
‘substitutes and have sneceeded in finding several very promising ones. 
Some of these may prove to be even better than creosote and applicable 
to the corn itself, in ease of need, as well as to barriers, | 

Before repellent chemicals came into use for chinch-hug barriers 
* suuple mechanical type of burrier was Widely used, consisting of 





furrows or strips soromethic aa ht apni at the big in eho Goi 
dusty mulch was produced by continuous dragging of a log back and 
forth in the furrows, or by harrowing the strips. The dust and the 
dragging or harrowing together effectually prevent the bugs from 
getting across such barriers in injurious numbers, This type of bar- 
rier, however, has two serious disadvantages: The continuous attention 
it requires, and the impossibility of maintaining it in wet weather. 

The barrier idea has been utilized in a much different way in the 
control of the corn earworm (pl 17). As many people know who 
have raised sweet corn or have husked ears preparatory to cooking, 
these greenish or brownish worms eat their way down through the 
tip of the ear and the kernels, making very messy burrowa and giv- 
ing the ears an extremely unattractive appearance. After much 
study of the insect’s habits and experiments with various methods 
of control, Dr. George W. Barber finally developed « barrier method 
which prevents the worms from entering the ears, He found that 
the injection of about 14 texspoonful of refined inineral oil mto the 
silk mass at the tip of the ear creates an effective barrier against 
the entrance of the little newly-hatched worms, emerging from the 
minute eggs laid by the parent moths on the silks, and their subsequent 
injury to the silk muss and the kernele. Barber also discovered, 
however, that the oi] interferes with the pollination and filling out 
of the kernels if injected too soon after the appearance of the silks; 
hence it is necessary to wait 3 or 4 days until the wilting of the alks. 
indicates that pollination is complete. He observed that during this 
interval some worms succeeded in penetrating well down into the 
ear tip, and realized the need of some improvement of the method. 
Further work revealed the fact that a very small percentage of py- 
rethrnm extract or dichloroethyl ether added to the oil killed most of 
the worms that had entered the ears before treatment os well as 
thoee that entered them afterwards. In the course of his palin 
Barber also devised simple adaptations of common equipment to the 
application of the oi) easily and economically (pl. 17). "This method 
has also been used with some-suceess for the prevention of carworm 





injury to the highly valuable plantings of pedigreed lines of corn now 


grown for the production of the high-yielding hybrid field and sweet 
corns that have almost entirely supplanted the open-pollinated va- 
rioties, 

Before » successful poison bait for the Mormon cricket was dis- 
covered galvanized sheet-iron barriers were widely used in the con- 
trol of this insect (pl 11). Long strips 10 inches wide were fastened 
upright and end-to-end by means of small stakes, across the path 
of the migrating bands of ertckets; ‘Trap pits, or enclosures made 
of the gulvanized-iron strips, were located ot frequent. intervals 
along the barrier. In these the crickets gathered and died, Many 
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miles of this barrier were installed to good effect during cricket out- 
breaks, but this method has now been almost entirely superseded by 
the much cheaper and less laborious poison-baiting method of control. 

Metal barriers of the type just described have been and ate still 
very extensively used in Argentina against the great hordes of BTass- 
hoppers prevalent in some parts of that country. 

Another expedient frequently used against Mormon crickets where 
circumstances permit is the oil-on-water barrier. ‘The crickets do 
not hesitute to plunge in and swim across streams ur irrigation 
ilitches that they may enconnter in their migrations, Advantage is 
taken of this fact to turn ftrategivally locuted walercourses: into 
burriers by coating the surface of the water with oil. Barrels of 
cheap, light oil are placed at intervals of about 14 milo along the 
streams and cunals and their contents allowed to drip or dribble 
slowly so as to form «thin film on the water. ‘This coats the Swiniming 
crickets and kills them. 





SPHAYR AND DUSTS 


Often the first question asked when an insect infestation is discoversd 
on any erop is “What can I spray it with!” Unfortunately, the acre 
value of cereal crops is ordinarily too low to permit the direct use of 
insecticides on them, As has ready boen mentioned, control measures 
for the insects attacking these crops must be lurgely cultural or, if 
insecticidal, must be of extremely low cost na in the case of poison 
bait, which costs only about 20 to 50 cents per acre. It is troo that 
insecticides are recommended for the direct control of the European 
corn borer in market sweet corn, but this is a specialized crop which 
cannot properly be considered a cereal, Because of the rapid growth 
af the corn and the fact that the “ge-lnying and hatching period of the 
borers extends over a month or more, several applications of a spray 
or dust are required for effective control, ‘This method is too expensive 
for practical use on field corn, OF even on sweet com grown for the 
cunnery. Itis possible, however, that future developments may reduce 
costs to the point where insecticides may be used profitably nguinst 
‘the borer, at least on canning corn. 





Insects continue to take their toll of our cerea! crops even after they 
have been safely harvested and stored, As has ilready been noted, 
they destroy annually some 300 million dollars worth or more of storei| 
grains and cereal products, With the wartime need of conserving our 
supplies of these most essential foots, the prevention or reduction of 
stich enormous losses becomes extremely important, and ot the same 
time more difficult owing to the interference with normal distribution 
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and constimption. During the first World War and during the present 
one special efforts have been made to find ways and means of meeting 
the situation. | 

Of several hundred species of insects found associated with stored 
grains or grit products some £0 or more kinds of moths, weevils, and 
beetles are seriously injurious when conditions are fayorable to their 
activity. The larvae of some species bore into and mature inside of 
(he kernels, while both the larvae and adults of others are free-living 
among the kernels or in milled cereal or flour (pl. 19). ‘The larvae of 
some of the moths not only eat these products but spin silk as they move 
about, sometimes forming a thick webbing on the surface or within the 
outer layer. High temperatures and ample moisture are favorable to 
the development of all these insects. Hence they are a constant source 
of annoyance and loss in warm-temperate and tropical regions. They 
are cosmopolitan in distribution, however, nnd in warm, moist seasons 
or under suitable conditions such 2s prevail in flour or cereal mills, 
(hey become serious pests in the more northern latitudes as well. When 
an infestation is once started in stored grain, enough heat and moisture 
are often generated by the insects themselves to provide for their con- 
tinued activity and to cause injury to the grain. Some species begin 
their attack on the grain in the field before it is stored and are carried 
with it into the bins, warehouses, elevators, and mills. Others live 

and breed chiefly within these storage places. Most of the species are 
active fliers in the adult beetle or moth stage and spread locally by 
flight, but the principal means of dispersion is the commercial ship- 
ment of grains and cereal products. They have been carried all over 
the world in this way. 

The first essentials for the protection of stored grains and cereal 
products are good storage facilities and sanitation. Tightly con- 
structed bins, warehouses, and mills that can readily be kept clean and 
that will prevent the escape of fumigants when it becomes necessary to 
use them are basic to satisfactory application of insect-control mens- 
ures. These insects breed in undisturbed accumulations of grain or 
floury residues wherever they are allowed to occur, such as in floor 
eracks, behind lining boards, in supplies of stock or chicken feeds, in 
used feed or flour sacks, in conveyor machinery, and in household cup- 
boards. Such accurnulations serve as sources from which infestations 
spread to stored grain, cereals, or flour, and obviously should be 
eliminated, 

Owing to the more or less frequent or constant introduction of new 
infestations in one way or another, however, the periodical application 
of more drastic measures becomes necessary. The most generally use- 
ful treatment is fumigation. Several different fumigants are in com- 
mon use and the best one to select depends on the circumstances. The 
so-called heavier-than-air gases, especially ethylene dichloride or 
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disulphide mixed with carbon tetrachloride to make them 
noninflammable, are most generally used on stored grains (pl. 18), 
These are liquids at ordinary temperature and when sprayed on the 
surface of the grain immediately evaporate to form heavy gases which 
quickly sink down through it, Another material often used for grain 
fumigation is calcium cyanide in granular or powder form (pl. 18). 
This is run into the grain stream as it enters the hin where it quickly 
reacts with atmospheric moisture to form deadly hydrocyanie acid pas. 

The fomigants most commonly used in mill and warehouse fumiga- 
fion are liquid hydrocyanie acid, mothyl bromide, chloropicrin, and 
a mixture of ethylene oxide and carbon dioxide, These must be lib- 
erated by suitable means and in sufficient quantity to obtain an insect- 
killing concentration throughout the entire building, Chloropicrin, 
by the way, is the tear gas introduced during the first World War. All 
these gases are extremely poisonous to humans as well as insects and 
ehould be handled only by experienced persons equipped with gas 
masks adapted to the particular fumigant to be applied, 

The ready susceptibility of most stored-product insects to heat and 
cold is often utilized instead of fumigation for their control. Some 
cereal products are run through steam or electrical heating appliances 
to dill any insects they may contain and fair control is sometimes ob- 
tained by heating entire buildings to 125° F. or more in hot weather 
when these temperatures can he produced without too great expense. 
In the more northern latitudes advantage is often taken of zero and sub- 
zero temperatures to eradicate insect infestations in mills and ware- 
houses by turning off all heat and opening the buildings to the outside 
air. The low winter temperatures und short cool summers of northern 
climates ordinarily serve to hold insect infestations in grains or cereals 
in unheated storage to such a low level as to make fumigation unneces- 
sary. 

The preemption of carbon disulphide and fumigants containing 
chlorine for use in various war industries has made them unavailable 
at times for the treatment of stored grains, and hns inereased the need 
of finding available substitutes. Efforts are now heing made in this 
direction, 








CNS5ECT-HESIEF 





Although it has been known for many years thet some varieties of 
the different cerenl crops ate less susceptible than others to their 
respective insect enemies, deliberate efforts to find and breed this 
character into improved varieties are comparatively recent develop- 
ments, As in the case of other ventures into new fields, these efforts 
Were considered by some investigatars to be very unlikely to yield 
restilts of practical value. Nevertheless, they have been continued and 
have become extremely promising. Whests highly resistant to the 
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hessian fly (pl. 2); varieties of corn resistant to the European corn 
borer, earworm, chinch bug (pl. 12), or corn leaf aphid; sorghums 
resistant to the-chineh bug; and barleys, oats, and wheats resistant to 
the chinch bug or to the green bug, have all been discovered through 
systematic tests conducted in recent years. Breeding operations have 
also shown thut by controlled crossing and selection many of these 
ingect-resistant qualities can bo bred into other varieties more suitable 
for commercial production, and that these qualities are not linked with 
undesirable characters or incompatible with other desirable ones such 
av high yield, quality, and disense resistance, Commercially satisfac. 
tory varieties or lines of wheat, outs, barley, and corn resistant to one 
or more of the insects just montioned have already been produced ar, 
through the application of modern methods of plant breeding, are well 
advanced toward commercial availability. 

Insect control through the use of resistant varieties would have 
several advantages over other methods of control. Once the seed of 
stich varietivs becomes availnble in quantity and comes into general 
use the farmers will be automatically relieved of the expense and 
trouble of applying other control methods. More latitude in cultural 
procedures, time of planting, and crop rotations would be gained, 
The frequent, severe, and general outbreiks of certain species ‘that 
confine their attack to only one or two kinds of grain crops miglit 
even be prevented. The development of cereal crop varieties resistant 
to insects has now progressed far enough to warrant the definite ex- 
pectation of extremely valuable results in this field. 








BIOLOGICAL CONTROL 


Several writers have enlled attention to the incessant contest between 
the insects and man for supremacy. The insects probably would 
have won long ago if it were not for the natural agencies that, hold 
them in cheek and for the fact that most of the noxious species are 
much less readily sdaptable than man to variations in environment. 
Many of thoes that attack cereal crops, such as the corn rootworm, 
corn leaf aphid, and wheat jointworm, can breed successfully only 
on one or a very few species of host plants. Others, such as the grass. 
hoppers, chinch bug, hessian fly, and green bug, although extremely 
rolific, are highty susceptible to unfavorable weather conditions at 
certain times in their life history and often suffer violent reductions 
in numbers ns w result, Still others, armyworms and cutworms for 
example, have many parasitic and predaceous insect enemies that at 
times almost completely exterminate them in localities where they 
ocenr In outbreak numbers, Some cereal insect pests, armyworms, 
chinch bugs, and grasshoppers for instance, are also subject to bacterial 
and fungous diseases thut occasionally become epidemic tiider favor- 




















able conditions: The interactions among these pests, their insect 
cnemies, their diseases, and the weather, are extremely complex. 
Since we have not yet learned to control the weather, which is the 
dominant element in this combination, we wre not able to manipulate 
these factors to any material extent in the prevention of insect. out- 
breaks, In fact, some of our grain-production practices have been 
more favorable then detrimental to such outbreaks, For example, the 
planting of large acreages of both corn and small grains in the same 
neighborhood encourages the multiplication of the chinch bug, as al- 
ready cited. Another example is the favorable condition for grass- 
hoppers brought about, partially at least, by the extensive growing of 
Wheat during the first World War. With the urgent demand for that 
grain, great areas of virgin sod on the western plains were plowed and 
sown towheat, Although much of this land was gradually abandoned 
ue the demand for wheat subsided, both the wheat stubble and the aban- 
foned land haye provided extremely favorable food and egy: laying 
conditions for the migratory grasshopper, and have been important 
factors in the persistence and severity of the widespread and almost 
continuous grasshopper outbreaks in the Great Plains during the past 
decade. Fortunately, it has been possible to prevent a large portion of 
the potentin| crop damage through the application, at great expense, of 
the baiting method already described, but the problem of working out 
and applying methods of preventing the outbreaks themselves still 
remains, ‘This problem can undoubtedly be solved, possibly through 
the use of some of the slower airplanes for spreading poison bait, when 
they hecome available for other than war purpos 
Many of the insect pests of cereal crops, like most of the crops them- 
selves, are not native to this country, Others have adopted these erops 
#8 food when they have become widely grown in this country. Notable 
examples of foreign invaders are the hessian {] y, Etiropean corn borer, 
and most of the insects that attuck our stored grains and cereal prod- 
ucts. ‘The armyworm, chinch bug, and green bug might be mentioned 
a8 Conspicuous among native insects that have taken readily to im- 
ported crops. In cases where the parasite enemies of the invaders did 
hot come along with them efforts have been made to import and estab- 
lish these parasites. Some of these have become well estab) ished while 
others apparently have not found conditions in this country at all to 
their liking. In general, it may be said that although the parasites 
of insects attacking cereal crops are highly beneficial, in no case can 
they be depended on to keep these pests under permanent control. 
Other means must therefore be found and appliod when necessary if 
the cereal crops are to be successfully and profitably grown, stored, 
milled, and supplied to the hnman rather than the insect population 
for consmmption. 
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THE GEOGRAPHICAL ASPECTS OF MALARIA+ 


By Sm MaLootu Wateow 
Director, Kose Institute of Tropieal Hygiene 


Had you asked me 50 years ago to address you on the “Geographical 
Aspects of Malaria,” I should have begun by quoting from Hirsch's 
iontumental work on “Geographical and Historical Pathology” (1883) 
as follows: 

Covering a brogd zone on both sided of the Equator the malarin! Ulsenses 
reach thelr muximwn of frequency io tropleal and subtropical reglons Thiry 
continue to be endemic for some distance into the temperate zone, with diminish- 
ing severity and frequency towards the higher latitudes; in epidemic form they 
tet infrequently appewr yet In other regions; anil, in atl wider diffvelon with the 
churacter of a pandemic, slau beyowd theee jodigenous Jatiindes 

Hirsch follows thie with pages describing the various countries 
throughont the world in which the disease occurs, and an equally 
extensive discussion of the conditions which influence the appearance 
of the disease, and of its possible couse. But the discussions lead to 
no final conclusions; and in the words of Duncan, writing in 1888: 
“As Crudeli points out, malaria exists on soils of every conceivably 
variety, of every age in geological time, and it is Impossible to point 
to any mineralogical or chemical conditions which can be said te 
be essential,” 

By his discovery in 1890 that malaria is caused by « living parasite, 
visible under the microscope, Laveran, a French Army surgeon work- 
ing in Algiers, made an important addition to our knowledge. Ma- 
laria then ceased to be “a miasma,” a word indicating some sort of 
emanation from the soil; the word wag not exactly defined; and, as 
we have read, any sort of soil appeared capable of giving out the 
enmuination. Then eame the problem. How does this parasite cireu- 
lating freely in man ‘s blood pass from one victim to another? The 
genius of Sir Patrick Manson, who had carried out origina) work in 
Chins on another Stes cireiilating m the blood, provided a hy- 
pothesis, which if not wholly correct provided Sir Ronald Roses with a 
valuable starting point for his researches in India. Manson also 
gave Ross the most generous nnd selfless help in other ways. 





‘Address delivers! af menting of The Ropal Geographics) Society, London, February 5, 
162 Roprinted by permission from The Gecgraphical Journal, vol, 00, No. 4, April 1142. 
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Tn a letter dated july 5, 1897, to Sir Charles Crosthwnite, asking 
lim to influence the Government of India to’ put Ross on special 
malaria research, Sir Patrick Manson wrote: 


Money can bull) lnstitutes, tart a thomiand Institutes are teciess Le they are 
not manned by ibe right men. A goid man ts worth them ali | bare oo heelts- 
tion tn saying that af the present moment Nore je the beet man in Toidig to carry 
un mularia investigation, To jose hhy therefory oe 1 exy, would be a poblic 
cilamity,... Lowoold he @ vast pity if the chance which pow presale of 
making n oubstuntint addition to the pathological sclenes chould once nonin be 
lowt to Engiaium. We ire entiing @ eorry figure dlongelde other nations at 
present. To our untional shame, be ft anid that few, very few, of the wooderfal 
nirance: in the sclence of the healing art which have wlgnalimed recent jeara, have 
been made by our coontrymen, Thla is partiewlariy apparent io the matter of 
tropich! diseases, in which we should in virtue of our exeeptioim! opportunitios 
be fects prinewps. ... Bat tn thie matter of malaria here is a chence for an 
Englishman to rehabilitate oor mitional character mm to palnit out t the ret 
of the world bow to deal with the moat Important diseise In the werld— 
molurio. (Manon-Balir oni) Ajeock, 2R2T.) 

Infinite patience and the burning energy of his genius enabled 
Ross to overcome innumerable difficulties, and prove to the world 
something that neither he nor Manson quite expected: the malaria 
porasite was not just sucked up by the mosquito from a man suffering 
from the disease, or transferred mechanically. The parasite actunlly 
bred in the wall of the mosquito’y stomach; the offspring of the 
original purusites when mature were injected into another man; 0 
the disease spread. Ross discovered whut the parasite looked like in 
ell its various stuges in the mosquito and where these stages were to 
be found; the prolonged researches also proved that not every mos- 
quito-conid be infsoted only some with spots on their wings, Inter 
identified by entomologists as Anopheles mosquitoes. The mosquitoes 
which could not be infected are those popularly called Culex, This 
was huge step forward: indeed it constituted one of the major dis- 
coveries of medicine, For malaria probably kills-more people than 
any single disease in the work, The stage was now set for the pre- 
vention of malaria by striking at the mosquito. 

The medical profession im this connection divided into two camps: 
in one Rona)i] Ross; in the other the rest of the profession, - Ress 
realized more fully thas id his colleagues at that time the line that 
would have to be taken if malaria wax to be prevented. In an ex- 
eeedingly able report to the Government of India he wrote that while 
it was not possible to kill mosquitoes everywhere, if wonld be wise to 
make a beginning by ascertaining which of the mosquitoes carried 
malaria and which did not. Noiiler Ress nor anyone ele. working 
at the problem realized that before this could be euccessful on a. large 
scale and especially in rural areas, many more years of research 
would be required with Ross's discovery as its starting point. Nor 
Hid anyone realize at first that the very technique which Ross invented 

















was to mislead rather than yoide. For the truth is that only a few 
anopheles carry malaria in nature, although all anopheles can be tn- 
fected in a laboratory; which made the prevention of malaria appear 
to be much more difficult than it eventually proved to be. 

This paper must describe just what mosquitoes carry malaria in the 
main geographical areas, something of the very different conditions 
in which they live, and the strange ways we have invented to control 
or destroy them. The story begins in Malnya. After seeing Malaya 
in 1926, Ress told the Committes of the Ress Institute that the anti- 
malarial work done there was the greatest sanitary achievement 
ever accomplished in the British Empire, as it was also the first suc- 
cessful antimalaria! work carried out in the British Empire, if not 
in the world. (Ann. Rep. Ross Inst., 1927.) 

The Malay Peninsula consists mainly of ranges of granite moun- 
tains, and conte! plains with fresh-water «wamps fringed by man- 
grove with salt und brackish water; all three are covered by great 
forests, Man lives there always at war with the jungle. 

It was my privilege to live in the Peninsula from 1900 to 1928, to 
take on active part in research, and initiate the practical work for 
the control of malaria (Watson, 15). In the part of the mangrove 
forest zone covered by every tide, no dangerous anopheles live and 
there is no malaria; but in the’ inner part, covered only by spring 
tides, Anopheles uimbroeus breeds and curries malaria, If the man- 
grove forest be felled, another anopheles eppeata tim this new- 
comer also carries rialirins today it ip called A. sundaiens, Both 
mosquitoes disappear when the swamp is embanked and drained. Tn 
1901 Port Swettenham was saved from closure by embanking, drain- 
ing, and oiling of pools, and a very complete organization for the 
medical anre of the people. ‘The order to close it had actually been 
given by the Governor, Sir Frank Swettenham, 244, months after it 
was opened. but was not carried into effect when all the facts were 
put before him by me. | 

The constal plains—grout swamps deeper and wider than any- 
thing in Italy—harbor A. twrbdrosua and are intensely malarial. 
Here drainage, and selection of sites of houses half a mile from the 
undrained jungle, gives 100 porcent protection against malaria. 

Attention was next turned to the hills where it was not posible to 
get rid of the mosquito by the simple method of drainage, The 
coustal hills are, — under forest, intensely malarial, because A. 
umbrosus lives in the valleys, while the inland hills are healthy 
under forest, because A. wabrosta does not live there. Both kinds 
of hill land are intensely malarial when the forest is felled, becnuse 
yet a third mosqiito appears in the pictare: A. maculatus, Tt lives 
im sunshine, and in even the steepest mountain streams, but not 
where the streams are covered by jungle. This insect causes Intense 
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malaria although there may not: be a swamp within miles, In Malaya 
yearly death rates of 300 per 1,000 were not uncommon among labor 
forces on estates or on engineering works before effective means to 
control mosquitoes were devised, 

Among the important discoveries in Malaya were the following: 

Only 3 out of some 50 species of ancpheles in Malaya carry 
malaria. We had to kill only the dangerous species to stamp out 
the disease; the others could be ignored. This is callod “species 
ennitation” (Watson, 1911). 

Many. dangerous-looking swamps, including rice fields on the 
coastal plains, were not malarial (Watson, 1911). 

In 1014 T prepared s mixture of mineral oils which rapidly killed 
all anoplieles in even fast-running streams, but was not poisonous 
to men or animals. This solved a difficult, problem, the intense 
malaria Produced by strenm-breeding anopheles. By means of this 
mixturs malaria was rapidly brought under control over large wrens, 
including rubber estates, at practically no capital cost. 

In 1909 T renlized thot Nature controlled species of anopheles in 
severn| ways, and that by imitating her we could control malaria 
#t little or no expense in many places (Strickland, 1915; Williamson, 
193:}). This was sometimes unconsciously achieved by the planters 
when they opened op the estates. Four years’ research on estates 
showed that the change of species that occurred from time to time 
was due to changes in the conditions in the valleys. When under 
jungle there was one species (A. wrbroeus) that carried malaria; 
when the jungle was felled and the streams freed from grass, 4 new 
species appeared (A, macnlatus) which also carried malaria; in 
intermediate conditions of the stream there were half a dozen species 
that did not carry malaria, ‘The knowledge of how to change species 
was a notable advance and is today the foundation of a great deal of 
antimalarial precantions taken in so many parts of the world. Our 
researches also enibled us to know where to house the people, and 
thus deaths were reduced to 4.9 per 1,000. 

Another method devised as a result of later researches was inter- 
mittent sluicing which has a devastating effect even on mosquitoes 
that live in running water, Devised in Malaya, and capable of being 
operated by the Malny peasant, this method spread to southern Indin. 
Today in some of the bigger streams in the Himaloyas there are bat- 
leries of sluices. ( Williamson, 1933.) 

The researches and many inventions for the control of malaria in 
Malaya carried out by the Government and the rubber planters have 
thrown # flood of light on the disease in other geographical regions. 
So Ihave spoken. of it in some detail. Of the work done in Malaya, 
Professor Swellengrebel wrote in 1935: “The principle forming the 
{mse of malaria control in Malaya ought to be the principle under- 
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lying malaria control in any country in the world. That principle 
of malaria contro! is Malaya’s great gift to the world.” And in 1936 
he wrote: “Without species sanitation one feels helpless.” 

In 1911 I was invited to organize the control of malaria in Singa- 
pore. The disease was present not only throughout the yeur, but it 
caused a great annual wave with its peak in the month of May. 
Between 2,000 and 8,000 people died each year as a result of malaria, 
ont of a population of 250,000, Today the population is treble that 
figure. Yet in 1989 the President of the Municipality could say: 
“Malaria bas been absolutely stamped out. It would be o very 
unfortunate resident who contracted malaria now.” It has been 
calculated that all health measures, of which the most mmportant 
by fur hos been the prevention of malaria, have saved over 100,000 
lives in Singapore in the Inst 30 years. 

Of the value of the combination of research and practical work to 
the community, I may quote from an address by Eric Macfadyen 
( L938) : 

Had Lt not been for mularia control, British Malaya ... could never have 
beew realien!, Ite popnlogs towns, lia rillwaya and ronda which have unlocked 
its taittral resources, the monster dredging pints, representing on outiay of 
millions sterting, whieh exenvate ite tin, Ite 300,000 acres of roblwr.. . mot 
o tithe of these developments could have been ochlered fund omlaria oomeloed 
nventrolied, ,.. Tie most recent gud nel sensational triumph of the applica- 
tlon of these principles hos been the construction of the Singapore Nayal Base. 
Without malaria contro) this great work must have coat countless lives, if inde! 
it could have been completed at all, ‘To the great credit of the military authorities 
the health protlem has heen handled with aveh aneceas that the lay world hos 
not known there was one, and (hose great works have been carried out virtually 
without affecting the vilal statistics of Singapore. 

In 10918 L crossed the Straits of Malacca to Sumatra, to meet. Profes- 
sor Swellengrebel, who was to play a most important part in the con- 
quest of malaria, In Sumatra, less than 0 miles from Singapore, 
I found to my astonishment a totally different malarial picture; for 
the disense was confined almost entirely to the mangrove forest zone, 
with A. seundaious as the enemy. Hill streams, which would have been 
so dangerous in the Malay Peninsula, were harmless in Sumatra. In 
Java the picture is practically Uhe same, although in both there are 
occasional outbreaks of disease away from the coast, the cause of which 
wthough interesting would take too long to explain. 

Sumatra is much less populated or caltivated than Java, Indeed 
Juva is analmost continuous sheet of wet rieé, of which it would prob- 
ably be true to say that over 05 percent 1s free from muloris. Sumatra 
and Java both differ in yet another way from Malaya. They are vol- 
eanic islands, belonging to the great voleanic chain fringing South 
and Faust Asia, including also the Celebes, the Philippines, Formosa, 
and Japan, 
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In British North Borneo, researches, not yet completed and not yet 
published, by Dr, John McArthur, whom I am prond to claim as a 
pupil, indicate that the dangerous anopheles: of Malaya may not be 
carrying the disense. A. leucosphyrus, a mosquito that lives ot the 
headwaters of streame in dense jungle, has been proved to be the im- 
portant carrier in on intensely malarial area. It may be that merely 
clearing the undergrowth, and allowing cattle to keep the undergrowth 
down, will eliminate the disease, at little cost to the poor and half- 
starved inhabitants. 

jam Fae ATA Feist ares Ort, Ww, oe 
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In the Philippine Islands the picture changes again. Here, asin the 
coastal plains of the Malay Peninsula, Jive and Borneo, Siam and 
Burma, the rice fields are healthy. In the Philippine Islands the man- 
grove zone ia also linalthy, unlike Jaya und Sumatra, But along the 
foothills A, minis breeds among grass in slowly moving clear water 
and produces intense malaria. This mosquito is one of the great ear- 
riers of malaria, for it carries the disexse not merely in the Philippine 
Islands, but extensively in the continent of Asia: in French Indo- 
China, in Siam, on the burma Road, and not least in the great Assam 
Vulley of northern India, To it is due the deadly Terai malaria and 
blackwater fever in the area along the foothills of the eastern half of 
the Himalayas in India, The brilliant researches of G, GC. Ramsay, 
Deputy Director of the Ross Institute (1936), have proved this, His 
equally brilliant prevention of the disease is not sufliciently known. 
He is sheer white magic to wipe deadly malaria from « valley by grow- 

ing a hedge of wild rhododendron or wild privet over a little stream, 
without interfering with the growth of the rice in the more stagnant 
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waters of the valley. “Today there are some 5,000 miles of these hedges. 
in India. 

There are in India some 40 species of anopheles, only a few of which. 
carry malaria. A. philippinensia causes devastating malaria in Bengal 
in nteas protected fram river foods by embankments, but is impotent 
where the land is submerged each year by loods. The devastation and 
depopulation resultiig from nun’ efforts to control the rivers must 
tie seen to be believed: hundreds of thousands of acres in jungle and 
a million lives Jost. In the Punjab A, ovlie/actes produces great epi- 
demics. Fortrnately the lest bar one wasin 1908, 






Fuvest 2—Area where 4. miele is hermfol in the footh!l ls, 


Of the great, work in improving the health of their laborers and 
European staffs carried out on tea, rubber, jute, and the mining indus- 
tries in India a brief but interesting account will be found in the last 
Annual Report of Committee of Control of the India: Branch of the 
Institute (Calcutta, July 141), Extensive work mn the preven- 
tion of malaria is now being carried out by the Imperial and Provin- 
cial Governments in India, both in towns and villages; I know of no 
country which in the list decade has done more brilliant scientific 
and practical work in preventing malaria than India, 

Befove leaving Asia for Africa we might just glince at malaria in 
Ceylon. There was once a great civilization in Ceylon, which was 
destroyed by war some 800 years ago, The Indians came to the island 
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and drove the Inhabitants, not for the first time, away from their 
culture, their ricefields, their lovely architecture, and their carving. 
Anopheles killed the people whenever they returned and tried to recol. 
anize these areas, In Ceylon there are many monuments, but tho 
greatest 18 the ancient irrigation system. In every river there are a 
large number of dams holding up the water; that is necessary because 
itis not unusual for there to be les than 20 inches-of rain a year over 
two-thirds of Ceylon, In 1934-35 an epidemic of malaria killed over 
60,000 people in a few months. The cause waa a drought; absence of 
the Hushing of the rivers allowed A. oulicifacies to breed in profusion. 
[t is a potent carrier of malaria in Ceylon, Today on organization 
created and operated by the Government and the estates working in 
close cooperation would prevent such a disaster occurring again; 
indeed a recent dronght even more severe than that of 1934-85 has 
failed to produce an epidemic: very encouraging, but not unexpected. 

In West, Central, and East Africa there are two great carriors of 
malaria. One, A. gambiae, lives in sunlit pools of still water; a water 
current ts fatal to it. The other, A. funertus, prefers slight shade, 
slightly moving water. Dense shade blots out both species, na it blots 
out A. maculatus in Malaya, and A, mindmus in India, On the open- 
ing of the great copper mines of northern Rhodesia, the population 
snffered from malaria, blackwater fover, dysentery, typhoid, and other 
diseases. The personal interest of Chester Beatty and his colleagues 
and the exertions of the loca) staff have, however, been so successful 
that the health of both whites and African employees compares fa- 
vorably with that of the Panama Canal employees, and that is nota 
low standard. 

Livingstone wrote in his missionary travels that the Lower Zambezi 
was the moet malarin] area he had visited in Africa, and that even the 
Portuguese suffered from the disease very severely, A few. years ago 
the great Lower Zambezi bridge was built across the river. ‘Thanks to 
the advice given by the Ross Institute through ©. R, Harrison, a mem- 
ber of the staff of the Ross Institute, the work wae carried out with 
minimum of sickness. Actually only one European out of seven welll 
down with malaria. (The Times, October 31, 1984: Dixon, 1035.) 

There is some reason to hope that researches carried out by the Ross 
Institute on mines in West Africa will open a new chapter in that 
area. Unfortunately malaria is widely spread through Africa, reach- 
ing south to Durban, and north into the oases of Egypt, Libya, Algiers, 
and Morocco, In the equatorial belt it is intense; it rises even into the 
highlands of Kenya. Nairobi itse)f at 6,000 feet above sea level is nat 
free from the disenea, 

Of Panama, you all know the great triumph of the United States 
Government, guided by the genins of Surgeon General Gorgas. The 
French failed because they had not discovered how to contro! malaria 








or yellow fever. Success in Panama and Malaya came because Rose 
did not throw in his hand im the early days and because Sir Patrick 
Manson, so to speak, sustained Ross's hand at a critical period. In 
1915 the Panama Canal represented the greatest engineering and 
medical triumph the world had seen, Like so many other great things 
it was so misunderstood and misrepresented, that it almost becanie a 
stumbling block, and the honor of starting antimalarial work in the 
United States fell to two nonmedical men: Professor Herms and HF. 
F. Gray working in California, They began in 1911. In 1916 the 
Rockefeller Foundation, after sending two distinguished scientists to 
study Malayan methods, took up the prevention of malaria in the 
United States and has given » great lead to that country. In passing 
I would mention that research and practical work carried out on the 
reservoirs of the Tennessee Valley Authority have developed a new 
method of controlling mosquitoes. By raising and lowering the level 
of the reservoirs a potent method of controlling anopheles has been 
demonstrated. It acta by stunting vegetation on the edges of the 
reservoirs. A, guadrimaculatus is the main carrier of malaria in the 
southeastern States of the United States, 

Although A. maculipennis is to be found throughout Europe from 
the Baltic to Cape Matapan and from Spain to the Caspian Sea, 
malaria isto be found mainly in the Mediterranean region, For over 
2,000 years malaria defied all man’s efforts to reclaim and cultivate the 
Pontine Marshes. But within the past decade, Mussolini, by destroy- 
ing the anophwles, has colonized this area; perhaps this will be his 
greatest, or only, abiding claim to fame. I remind you though that 
25 years earlier we had in Malaya manuged to accomplish bigger 
things in bigger swamps. 

The Dutch quickly grasped the significance of the researches in 
Malaya on malaria, and when he returned to Holland from the East 
Indies, Professor Swellengrebel, with the aid of his colleagues, carried 
out some brilliant researches. They showed that there were two riuces 
(or species) of A. maculipennis, one of which bred in brackish water 
and carried malaria, the other which bred in fresh water and was 
harmless, This was the prelude to researches in other parts of 
Europe, which split A. mecwlipennis into six races (or species) only 
some of which curried malaria. This explained many anomalies. 

A couple of hundred years ago malaria was not uncommon in Eug- 
land, in low-lying areas like the Fens or the Thames Estuury, Indeed, 
London itself was not free. But drainage and reclamation of land 
have wrought so many changes that when malaria was implanted in 
England in 1917-18 by the soldiers returning from foreign lands, it 
died out within 4 years. 

During a visit to some of Chester Beatty's mines in Serbia, I took 
an opportunity of visiting Salonika to see an area in which according 
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to the officin! history “malaria dominated the medical and military 
situation.” ‘This medics! disaster had come from two anopheles, 4. 
maculiponnis in the swamps, and A, superpietus in the hills, and a 
failure to control them. A, euperpletue I had already seen in Albania 
and south Serbia. It breeds among stones in slowly moving hill 
streams. Its distribution is extensive. It has been mentioned. in 
Spain and north Italy. But it isthe great carrier in Sicily, Dalmatia, 
Yugoslavia, Albania, Mneedonin, Greece, Bulgaria, Thrac , Anatolia, 


Cyprus, Caucasus, Transcnueasis, Cilicia, Syria, Palestine, Sinai, 











Upper Mesopotainin, Turkoman Republic (Transeaspia), Cosssact 
Republic (Tushkent), Bokharn, Persia, and northwest India. As we 
read the names, which I have taken from # book om the anoplieles of 
India (Christophers, 1993), we are reminded of the victorious marcel 
of Alexander the Great aguinet'the Persian King and on to India, 
You will remember how, when lis army refused to go farther, he 
sailed down the Indus and up the Persinn Gulf, and how he died at 
Babylon. 

The exploration of the waterways round about the empire was Alexander's 
tnmediite onion, the discovery of the presumed convection of the Casian 
with te Northern Geeon, the opening of a miritiion route from Babylon to 
Egypt roum) Arabia, ‘The latter euterprise Alexander dealgned te conduct In 
peren; noder his wupervishon ws prepared ion Babylon an lmmenees feet, a griat 
juwain dug cul to contain ood thousand shilpa, and the water communications of 
Babylon thken itv land. (ines. Brit., 14th od, p. 51) 

The excavation of earth and the aggregation of laborers are notori- 
ous antecedents of an outbreak of malnria; for the excavations create 
mosquito-breeding places and the laborers supply the malaria para- 
sites, By then it was the month of June, when malaria, as we found 
in the last war (Christophers, 1921) is i full blast. So we are not 
surprised to read: 

At lort all was ready; the 20th of (he month Dacsiga (7 June 6) wea fixed for 
the king's setting forth. On the 10th and 1th Alexander carouend deep into the 
night ot the house of the favourite Median On the 17th tbe developed fover; for 
a tite he treated it aah momentary lmpediment to the expiiition; om the 27th 
his speech wre gone, and the Maredoulan army wns auffored to pura, man by man, 
ihrongl ble chamber to bid him farewell, Ono the 2th (June 13) Alexander 
died. (Boeycl. Brit. Mth od, p Si) 

The fever my have heen typhoid; but it all suggeste malaria. 
Quinine was unknown to the Greeks. If it were malaria, the species 
that infected und killed the victor of so many fights would probably 
ba, not .A. superpictus, which is confined to the submontane regions of 
Mesopotamin, but A. xtephensi. This is the mosquito which Ross 
thinks was the one he first infected with malaria in hia little labora- 
tory at Secunderabad in India. 








Historians are divided about. the character of Alexander, and 
whether this intrusion of Greek arms and philosophy into the culture 
and religion of the East was all for the best, ‘That I am not eompe- 
tent to discuss, Nor need I speculate on what difference it would have 
made had fever not cut. short the life of this conqueror, and whether 
he would have become an equally great administrator. 

But there ie no difference of opinion about the debt mankind owes 
to Ronald Ross. I have told you something of how our nation has 
employed Ross's discovery. Much still remains to be done to prevent 
tropical diseases. There is still much to be discovered about malaria 
ani] its prevention. But in seientifie research and practical preven- 
tion of malaria from 1901 to the present day, the British have given a 
clear lead to the world, 

Though they have not done all, they have done something of what 
Sir Patrick Manson urged. I think we can justly claim that the 
British have not been unfaithful to their trust. And if wa turn to an 
impartial witness such as Profeseor Swellengrobel we have his aseur- 
ance that the work done in Malaya has been of great benefit to the 
world; without what has come to be known as “species sanitation™ the 
fight would have been hopeless, So that Malsya, in this time of trial, 
can feel that she has achieved something of lasting benefit, 
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THE BROMELIADS OF BRAZIL 


By Mutmuap GB. Forres 
Orlando, Fla, 


[With 10 pintes] 


The plant family Bromeliavene—the pineapple family—comprises 
some 60 genera with more than 1,000 known species, 400 of them native 
to the Americas from Panama north, and at least a dozen native to 
the United States, most of these in Florida. Although these brome- 
liads, as they are called, areas yet little known in (he States, neverthe- 
less until recently it was thought to be the “largest family of plants 
to be wholly confined in origin to (he New World."* Now, however, 
one species of a Piteairnia has been found in Africa. This is the only 
report of Bromelincene nutive outside the Western Hemisphere, 

The most complete: and outstanding botanical contribution to the 
knowledge of this family was the monograph by Mez published in 
Germany in 1144-35. In this country, work on the Bromelinceae con- 
tinues in the able hands of Dr. Lyman B, Smith, of the Gray Herbarium 
at Hurvari, who is now recognized as tle foremost authority. 


WHERE THE HROMELIADS Gkow 


The range of the widespread Spanish moss (7'ilandvia wsneowdes) 
tourks the outer boundaries of this interesting family, which extenda 
over all the tropical and subtropical areas of the Americas. From 
southeastern Virginia through Central and South America across the 
Argentine and from Chile up as far as Baja California, this eoamo- 
politan group of plants has spread itself, 

The wide range of bromeliuds gives them versatile growth habits, 
for they are happy in the desert, by the side of the oceun, in the wet- 
test jungles, in full or part sun, and in complete or partial shade, and 
they grow on almost anything, including the smooth or rough bark 
of trees, on Tocks, im sand, on cacti, on palms, and even clinging on 

tSmlih, L B, Ceagrapliicnl evidence op the ines of evolution in the Promellacena 
Sonderdr. Bot, Jahr, Ba. 66, Hott 4, p. 417, 1034. 
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telophone wires as docs T'illandsia wancoules and TWlandsia recurvata. 

Huving collected bromeliads in Mexico and Cuba, Mrs. Foster and 
I found irresistible the opportunity to collect them in the jungles of 
Brazil, home of the greatest number of bromeliad species. Accord- 
ingly we sailed from New York in the spring of 19320, but when we 
landed 2 weeks later:in Brazil, it waa fall below the Equator. 

While waiting for our permit, we took several short collecting trips 
near Rio with Dr. Bertha Lutz, botanist, who is making an intensive 
study of the flora in the Distrito Federal, However, her work is not 
confined to botany, for she is an cager student of zoology with partic- 
ular interest in frogs and, with her father, the late Dr. Adolpho Lutz, 
has made outstanding contributions to the knowledge of frogs if 
Brazil, While collecting with her, we developed a new interest in 
bhromelinds—that of the fauna, particularly the frogs, that live deep in 
the centers of the water-filled bromelinds, From that time on we 
found the study of frogs to be an interesting accompaniment to the 
collecting of bromelinda. 

Our firet collecting trip in Brazil was prophetic in that we found 
dur first new species of bromeliads, for we later renlized that this set 
the pattern for our whole Brazilian trip—we were always turning up 
new species. Our total of over 60 (with more yet to be destribed ) 
wag-as moch of a surpris# to us as to the botanists, expecinlly Dr. 
Smith, the bromelind specialist. In the thousands of herbarium sheets 
from Brazil which he had examined in the past 10-years, only 9 new 
bromeliads had shown up from that country. While I had hopes of 
finding a few new species, | did not expect to find very many because 
this family has been well collected in Brazil, nearly one-third of the 
known species having been found within ita conlines. 

Our “safari” numbered two, Our equipment was meager: two suit- 
cases, two cameras, a herbarium press, and a gusoline stove, The most 
important factor, however, in our equipment was our limitless enthusi- 
usin for the fascinuting family of Bromeliaceae. | 

Searching for bromeliads has taught us many leesons in topography, 
for Brazil isa land of contrasts, It includes extremes of weather and 
tertain. During two winters of some 12,000 miles of trekking by 
water, rail, auto, and on foot, the bromeliads took us into almost every 
kind of condition that that great country hes to offer. One day we 
were in the rainiest jungle of Brazil, at Alto da Serra south of Rio, 
which is over 1,600 miles south of the Amazon; and next we traveled 
nearly n thousand miles by coastwise steamer, by narrow-gauge rail- 
way, by ox cart, and on foot, through Bahia, where it had not rained 
in 2 years. 

One does not have to travel far after reaching Rio to do a bit of 
plant collecting. Even within the city limits there are still vast jungles 
covering the mountainsides high above the inhabited area, These rain 
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forests of the Serra do Mar, mountains slong the sea, stret 

miles both) north and south, and there is a wealth of mititerial for the 
botanist within a comparatively short distance of the coast. It ts 
probably for this reason that the greatest number of bromeliads have 
been taken from this area within the past half century. 

Strangely enough, one of our most pleasant experiences in Brazil 
was the visit to Alto do Serra, where we could not collect any plants. 
It is a sanctuary where the balance of life is to be sacredly maintained, 
Man is not to disturb the plant, animal, or insect life in any way. He 
may come there and see it unfold before his eyes, but no collecting 
or molesting is-allowed, This is the great plan of the able Dr. F.C. 
Hoehne, of the Instituto de Botanica at Sao Paulo, whose sincere de- 
site it is to preserve for posterity a complete rain forest in one of the 
most unusual situntions in the world, Here is Brazil's greatest rain- 
fall. It is at the high edge of the Serra do Mar mountains, which 
rise abruptly from sea level. ‘The warm rain clouds from over the 
sea striking this cold mountain barrier produce almost continuous 
precipitation in the form of either rain or fog. This makes ao perfect 
home for innumerable moisture-loving epipliytes. 

A very comfortable guest house lind recently been buill. here for 
the »ccommodation of observing scientists, and we were complimented 
by being the first guests to use it. This was one of our favorite “col- 
lecting” spots, where we collected only photographs ond many. an 
impression on the mind’s eye of the luxuriant fantasies in myriad 
forme of plant life. Everything was doing its individual bit toward 
making this one of the natural beauty spots of Brazil, 

We were also invited to be the firet guwsts to use Dr. Hovhne's 
unique creation, a botanical truck. Tt was a giant Chevrolet, rebuilt 
ao as to have sleeping quarters for six, with ample storage space for 
supplies, and, best of all, it had a heating “oven” where a huge press 
of fresh botanical materin] could be “cooked” until thoroughly dry. 
In this truck we experienced a truly delightful trip in the land of 
the decorative Pinheiro do Parani (Arauceria brasiliensiz). 

Villa Velha should be as well known in Brazil as the Painted Desert 
or the Bad Lands in North America, but so fr few others than natu- 
rulists are aware of it, “Old City” it is called, because from a distance 
it resembles the skyline of an ancient abandoned city. It is a “rock 
continent in a sea” of vast rolling plains) Mother Nature has for 
centuries been slowly revealing this marvelous work in sandstone which 
stands now tranquil, dominant, in a turbulent sea of shifting sands. 
For miles we had rolled over treeless land to reach this “rock of ages.” 
Only the time-carved monoliths had vegetation. ‘They were covered 
with Arecastrum palms ((ocos plumosa) and Araucarias (the Parani 
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hanging on with grim determination a5 though they would not give up 
until the rocks themselves disintegrate, Every narrow canyon, dark 
and damp, harbored bromeliads of the more delicate type, while above, 
braving wind, sun, cold, and heat, were the xerophytic ones. Villa 
Velhia is « botanist’s and geologist’s paradise. 


THE HROMELIAD CHARACTERISTICS 


When you enjoy the sweet, juicy fruit of a pineapple, you are eating 
a bromeliad, Ananas comosus (sativus). When you sink into a soft, 
well-cushioned automobile seat, the filling responsible for your com- 
fort may be a bromeliad, 7illandsia usncoides, or Spanish moss, In 
manner of growth these two represent the two extremes: the pineapple 
is strictly terrestrial, while the Spanish moss is wholly epiphytic, even 
going so far as to dispense with roots, Between these two extremes, 
bromeliads exhibit a great. variety of plant characteristics. 

Tt would not be difficult to surmise that these two forms might be 
the latest development, each in its own type of fruiting method—the 
‘appendaged-seod type (represented by the Spanish moss) and the 
berry-seed type (represented by the pineapple). The pineapple has 
liad all ite fruits fused into one big “berry.” No other fruit-bearing 
type in this family has the individual berries that hold the seed more 
completely welded than in the pineapple fruit. On the other hand, 
the Spanish moss, with its appendaged seeds in a pod, grows with such 
a fusion of leaves in one continuous growth that there is no evidence 
of roots (which, T believe, lave been absorbed) or of the nsual maturing 
of individual plants, characteristice which probably make it the latest 
development in the appendaged-seed division. We might say that this 
“freak” of a plant is certainly the most modern, for it travels entirely 
by air. 

The bromeliad flower pattern is formed in multiples of three. Its 
flowers generally are formed in spikes or racemes with brightly colored 
bracts. In the botanical descriptions of this family every flower has 
been said to be monoecious or perfect, even though in some of the Hech- 
tina (of Mexico), the flowers of which have both stamens and pistils, 
otily one of them functions. 

An exception appeared during January 1042, when I observed that 
in several of the species of Cryptantius the Mowers were not monoe- 
cious, but dioecious, for there were separate male and femule flowers in 
the same plant. (One of our Crypthantius species, not yet determined, 
however, does have all perfect flowers.) ‘This condition of separate 
sex flowers has apparently not been noted before, as there seems to be 
no record of it in the literature. 

Flowers throughout the family range im size from tiny, almost micro- 
scopic. hie s a8 in the giant Hohenbergia augusta, in which the 
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minute stamens even hide the petals, to the large, lovely bhie-violet 
flowers 2 inches in diameter of the 7'/andsa Lindenii of Ecuador. 
Flowers that stay open for several days are the exception, but a stranger 
exception is the flower of a new and as yet unnamed Aechmea I found 
in Brazil that opens after midnight; $ hours later the petals close and 
begin to dissolve into the sweet nectar already fortned at the perianth. 
While each species has its more or less regular blooming period, T have 
by careful and persistent search found u great number of species 
blooming out of their “time” for some unknown reason. 

Along with the variance in flower sizes goes peculiar range of 
odors: the white flower of one of our new species (Viiesia hamate) 
smells like an onion, another (Vriesia vulpinoides), like a fox. Some 
huve an exquisitely sweet perfume as in Tillandsia decomposita, or the 
fresh fragrance of a ripening apple as in the unopened buds of the 
new Vriesia Racinae. When this flower opens, the fragrance disap- 

irs. The majority of bromeliad flowors, however, have \ittl fra- 
grance. While the flowers, it is agreed, generally produce the odor, in 
the case of Aechmea purpureo-rosea 1 hnve found that the entire 
snflorescence independent of the flowers has a “toilet soap” fragrance 
for weeks before and after the flowers are oper, a5 well as during the 
blooming period. 

The color of the flowers covers the entire range of the spectrum, but 
the predominant hue seems te be in the lavender to blue range, although 
white, yellow, green, and red are frequent. Most of the bromeliads 
are colorful during the blooming period but not always because of the 
flowers. Many species have emall and inconspicuous flowers, but the 
colorful red bracts or leaves surrounding them will give the inflores- 
cence the brilliant and dashing display se much admired. In some 
species as, for example, Oryptanthopsis navioides, the entire plant 
turns scarlet at blooming time, but as soon as the flowers have finished. 
their mission the color of the leaves fades away and it becomes just 
another green plant. 

One of the new Neoregelias that we found holds its blaze of color 
in the wide cup bracts for months, until after the seeda have matured. 
But some of the Nidulariums that so colorfully surround their lavender 
flowers with a rosette of bright red bracts give up that color after the 
last flower is gone, 

The fundamental motif of plant form in this family fs 4 whorl of 
leaves forming « rosette. In most of the terrestrial bromeliads the 
rosette form is obvious and resembles to-a certain extent the familiar 
pineapple plant. In many of the epiphytes, of both the rosette and 
tubular form, the leaves are held so securely above the base that they 
hecome most efficient reservoirs and hold rain water constantly. In 
many of the Tillandsias the rosette form is close and the leaves are 
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constricted and generally covered with tiny peltate scales which serve 

In the “style” of leaves there is great diversity in color and form, 
Which mules so many of the bromeliads highly decorative plants even 
when tiot in bloom. Spots, horizontal and longitudinal stripes, 
zigeag mottling and plain green, spiny and perfectly smooth surfaces, 
are leaf characteristics which, together with « wide range of color from 
Many shudes of green and yellow to grays, reds, and maroons, combine 
to produce the bromeliads’ bizarre beauty. Some leaves are coarse and 
stiff, others are delicately drooping and grasslike, Sorne leaves are: 50 
curled and dried up that they give little appearancy of life. The: half. 
inch leaves of 7iHendsin inthalepis are indeed dwarfs in comparison 
to the 9-foot leaves. of Streptocalys floritnnda. 

Wide variation in the size of the bromeliad plants is well illustrated 
even within the genus T'ilandsia by the tiny 1-inch 7iWandsia loliceea 
and the linge J'sZlinudesa grandis of Mexiew which shoots « branched 
inflorescence 11 feet high, 

Most of the bromelinds have roots, but in many species these no 
longer function ag feeders. ‘The ability to feed through the leuves is 
Particularly enyphasized in tho epiphytic types, Tillendsia usncoides 
(Spanish moss) and TWlandvia decomposita thrive, wthough entirely 
lacking in so fundamental apart ns roots, Villandsia wnegides seems 
to have merged the roots with the leaves, both in funetion aid in ap- 
pearance, Iilandsia decomposita of Matin Gresso develops a few 
roots in infancy and then dispenses with them and matures with the 
leaves tenaciously onrled around tho twigs within its octopustike 

However, most, epiphytic types retain enough roots to-serva as 4 
brace to hold the plant either in a Upright position so #3 to catch the 
rainfall or ina downward position (as we found them in high, cold 
Mexican: climates), sy as not to hold the water which might, freeze 
between the leaves, ‘This method of clinging to trees has been the cause 
of the mivtyken viewpoint that thesa epiphytes are parasitic, ‘They 
actuolly tnke no substance from ihe trees to which they cling. ‘They 
heed only a: position where they will pet adequate aeration and where 
they will be able to catch the rainfall aswell as the falling leaves from 
trees above, which decompose into a vegetable “tea” in the “cup” of 
water. This is the food taken in by the leaves, a process tliat eliminates 
the age-old plant habit of feeding through the roots. It may be con- 
Jectured that at the remote period when the first terrestrial bromeliads 
were developing, they encountered the choking, dark, overcrowded 
jungles. For survival they took to the trees, where they lost most of 
the feeder function of their roots. 

Yet it is interesting to sew low quickly the hold-fast. roote of the 
epiphytes can be converted to function more as feeder roots. In 4 


sreenhouse the roots of a potted bromelind function as feeders and 
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become succulent, but when the plant is uttached ton tree in the jungle 
the food comes from above, und the hard and wiry roots are used only 
for holding fast. Many of the bromeliads are undoubtedly versatile 
enough to get their food the easiest way, but the.more highly epiphytic 
types have speciatized to such an extent and gone so long without root 
feeders thut they simply cannot stand “wet feet’ or roots amothered 
ina heavy soil, for they promptly rot at the base, 

Those epiphytic bromeliads which out in the jungle accumulate de- 
cayed vegetable matter in the conter cups must have rain water to make 
tlie food soluble, and those bromeliads which have neither center cups 
nor feeder roots, such as many Tillandsias, also need rain to help 
assimilate their food from the dust particles of the air, But in the 
absence of rain, the dew collected daily in the peltate scales that cover 
their leaves enables them to live for months without rain, attached 
to # limb or the perpendidular side of « rock in full sun; thus they are 
true xerophytes, 

Although Tillandsias such as 7, wancoides and 7’. decomposita will - 
certainly grow profusely without the nid of roots or any visible supply 
of food, the experiments that I have carried out and seen conducted 
have convinced me beyond any doubt that most of the bromeliads must 
have « souree of food other than just air and rain. ‘The plants will live 
for sone time without proper nourishment if nat exposed to too much 
sun, but they certainly will not thrive, especially If they are susponded 
from wires as was done inun experiment in Brazil to prove the theory 
that they need no food other than air and water. I have seen these 
plants there. They hang on wires and hooks, hundreds of them, and, 
yes, they were living—some of them—but they were gasping pitifully 
istence and were dying one by one, The only happy ones were 
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the exceptionally fow types of Tillandsias that really can “do the im- 
possible,” Even pineapple planta were hung on wire, but T assure you 
that they would never bear fruit, Each plant had literally to live on 
itself, gradually getting smaller and finally drying up, It wasa terrific 
endurance test and, except for some of the orchids, I know of no other 
plants that could haye held on so long, 

In the field I have found isolated exomples of “natural misplace- 
ment”: pineapple plants and plants of Bromelia serra, both terrestrial, 
whose seeds undoubtedly were dropped by birds in the boots of a palm 
high off the ground, However, these plants were not happy, nor were 
they bearing fruit, but were gradually growing smaller. 

That terrestrial bromeliads also tend to feed through the leaves has 
been shown by the commercial pineapple growers, who have found that 
fertilizer thrown into the base of the lower leaves is more readily taken 
up as nourishment and produces faster growth than when it is dis- 
tributed only in the soil surrounding the plant. This is an illustra- 
tion of the tendency of practically the entire family to be able to feed 
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through the base of their leaves. However, T believe that the more 
primitive forms such as Puyas, Dyckias, and Encholiriums still feed 
mostly through their roots, 

In trying to grow these interesting plants I have not learned of all 
the “food” they like, but I have learned certain things they do not 
like. They cannot tolernte the dripping of water from lime, copper, 
or galvanized iron. The drip from these will burn the leaves, and 
any euch burn often kills the plant in a short time. Even « amall 
copper wire piercing a leaf will ustially kill that leaf. While they 
have an amazing capability for going without apparent food and 
withstunding adverse conditions, in other respects they are much more 
fastidious, Any food given bromeliads must be acid, as alkalinity 
derived from water or from foreign substances is disastrous to then, 


_ Before poing to Brazil our interest in bromeliads wag focused on the 
epiphytic types, From a decorative standpoint and because of their 
interesting way of life, we found them completely fascinating. The 
epiphytic types were found in the rain forests all along the coastal 
areas where it is high and cool at night yet warm during the day, 
where frequent rains or heavy dew supplied their water. The trees 
Were laden wii); a dazzling profusion of bromeliads and other epiphytes 
miking unique pattern and design everywhere in the lush jungle. 

We expected to find the epiphytes wherever there were moist areas. 
A ravine, « stream, or a Swamp seemed to be the very choicest spot 
for them. But one of the steatest surprises and disappointments 
came when we collected in the huge swamp areas of Matto Grosso, 
We had come by train fram eastern Brazil to the far west, where the 
Rio Paraguay cuts through South America’s largest swamp. Up the 
river we had traveled for miles und had seen ¢ountless thousands of 

rees, but they were barren of bromeliads, Only where there is an ele- 
vation will be found trees and rocks that may harbor a few epiphytes. 





it would be a paradise for the epiphytes, as well as for the collectors 
who enjoy finding them, | 

The high plains between the vast Swamp area and the jungles of 
the coast section have been the “Green Hell” barrier that these moisture- 
loving plants could not cross. A few Tillandsias thug disperse by 
means of wind-blown plumose seeds have flown over those dry areas, 
and a few drought-resisting tubular types of Billbergiag and Aech- 
meas have also come most of the way. It would be interesting to go 
back there a few thousand veirs hence to see what descendants will 
he developed from some of these pioneers, for certainly the migration 






to this, geologically speaking, young territory will produce interesting 
In the great primeval forest at the Cacio Experiment Station in 
Agua Preta, Bahia, we found « lush jungle garden, a plant paradise 


us, Philodendrons of fantasti blen n al 
ornate pattern with Calatheas and Tradescantias of fancy foliage, 
und ferns crowded every available opening on trees, rocks, and 
ground, Many areas were almost impossible to walk through. If 
we were not being tripped by stout cords of lianas, thorny leaves: 
and treacherous small palms were always reminding us of the things 
on the ground and interfering with our more ethereal] sspirations 
of looking for the epiphytic beauties above us, 

There in the “upper strata” we found two hage epiphytes, both 
new species. These plants, Acchmea conifera and Acchmew de- 
preasa, were giants among epiphytes, The flower head alone of 
Aechmea conifera weighed nearly 12 pounds and measured 18 inches 
in length, resembling a huge pine cone. This plant was reposing 
serenely and securely in the crotch of a limb over 80 feet from 
the ground, Secure it was until, with the assistance of three human 
“monkeys,” we succeeded in loosening it from its serial home and 
with ropes lowered it to earth, This epiphyte, including its several 
side shoots, weighed considerably over 125 pounds, From the 
ground this Aechmea did not greatly differ in appearance from 
Aechmea depressa, but the field glasses helped to convince me that it 
was another species. That meant another tough climb. 

To climb these huge trees one must resort to monkey tactics and 
not try to tackle first the tree he wishes to conquer, A small tree 
possibly 50 feet away may be the first one to climb, for its upper 
branches will intermesh with those of the larger tree. And so with 
the assistance of ropes and vines the climber finally reaches the 
lower branches of the giant tree and then all he has to do is to finish 
the climb and get the plant, which may be accomplished in another 
hour or two, 

But we forgot ull about the difficulties of getting it when our 
thoughts turned to the perseverance and determination that a plant 
must have to be able to live perched at such a precarious height. 
With its huge reservoir to catch rain and vegetable matter it builds 
a body heavier than almost any of its terrestrial cousins, with the 
exception of some of the great Puyas of the high Andes. These 
great Aechmeas often hold from 1 to 3 gallons of water, which not 
only serves the plants themselves but also becomes a breeding place 
for animal life and even aquatic plants. Utricularias and aquatic 
mosses and ulgae are often found living in some species. In various 
specimens we found lizards, frogs, scorpions, small snakes, cents- 
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pedes, various insect Jurvae, rowches, anta, and bees, some preferring 
& particular type of bromoliad. The frogs that find a permanent 
residence in the deep, dark cylinders ani cups of the bromeliads 
interested us most, and we made a small collection of them for Dr. 
Lutz. Sho hae stated that “bromeliads make frogs independent. of 
climate and environment, by creating « special environment.” 


- 
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ont. It seemed to be stuck to the inside of the Billhergia sebrina 
where it was hibernating through a dry season. I shook and shook 
the plant but finally had-to ent: it open, and when I pulled the frog 
out of the little “canoe” of the bromelind leaf, my fingers were «Il 
glued together, The frog had immodiately thrown out his emoke 
screen, or rather, hia rubber screen, When T touched him, a pure 
white Intex oozed aut of every pore of his hexty. 

Tam very sorry now that we did not bring back a good fopply 
of these frogs. In the later rubber famine we night have helped 
solve » national problem ! 


Moll, nimble bodies wan get between the Inoest complicated parts of a 
bromeliad flower and whose long, thin bills are especially adapted for 
efficient, wee i the tubular or deep-set. flowers, Jidging by the fre- 
quency of seeing hummingbirds at a brilliant bromeliad flower and 
also by the fact that hummingbirds would frequontly hover around 
tho red rain coat Mrs. Foster Sometimes wore. I would say that they 


appropriately “heija-flor,” the flower kisser. 
THE TERRESTRIAL RELATIVES 


Islands far from jts birthplace in Central and South J rica, Sinee 
the form of the pineapple plant 18 typical of that of other terrestrial! 
he linds, the Bromeliaceae have become known as the “pineappln 

_ The pineapple type of foliage is common to many of the terrestrin} 
amera. The more compact spiny types such as Deuterocohnia, Dyckia, 
‘and Fncholiriwn resemble each other so much in foliage that unless 
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flowers are present it is almost impossible to identify them correetly. 
Being semisuceulent and very efficient xerophybes, these plants with- 


stand almost incredible conditions. In ceriain sections these formid- 


able terrestrial bromeliads grow in such profusion that it is almost 
impocsible to climb the recky alopes, for the plants areas well armed 
with spines as any cactus I know—in fact, they are often mistakenly 

Many of these extreme drought-resisting species, like most of the 
cucti and other succulents, have endured adverse conditions for so 
many centuries that such conditions haye become normal for them— 
adverse only from our point of view. ‘They are conditions under 
which they thrive, anid should the plant fall from m ledge or w tree 


ty a moist, cool, shady spot, it would probably die. Lf it did not, its: 


growth would be weak and abnormally fast, They have developed 


hardy qualities and are seldom found in the soft, shady places where 


the more tender ones such as Vriesias, Nidulariums, Neorsgelina, or 
Billbergins seek cloister. 
Dr. Smith believes that /xya is the most primitive bromelind, and 


he is convincing in his argument against Mez’s cotitention that the 


most primitive bromeliad is Vavia, He suggests that probably Puyns 
came into being in the high Andes and that their offspring, meeting 
new situations, produced the various other genera. I, too, surmise 


that Puyas originated in the territory that is now the Andes, but T 


suggest that they came into being before the Andes rose to their pres- 
ent height, and that as the environment is preaumubly responsible for 
creating the various genera, they developed from ancestors that have 

But what about-the genera, morphologically very close to Puye, that 
tre now on the eastern edge of South America, such as Cottendorfia, 
Enoholirium, or Prionephyltuwn now isolated on the Atlantic coast of 
Brazil! Finding primitive types of bromeliads so far from their 
“parents,” the Puyus, seetns to indicate that in early ages many of 
these genera perhaps did not evolve from the Puyas but developed 
simultaneously us a result of their envitonment. Mneholirivm, Lind- 
mania, Deuterocohnia, and Cotlendorpia are similar in construction to 
Puya, but that does not necessarily mean that they descended from, 
Puya; they could have evolved from other ancestors now extinct. 

During the period of our two extensive trips into Brazil we collected 
in three extremes of country which produced the terrestrial species 
morphologically nearest to the primitive species of Puya. In the 
Matto Groso on the Bolivian border we were as close to the “source” 
ag our trip permitted. 

Rising out of the vast marshes in southern Matto Grosso was the 
strange mountain Uracum, 2,000 feet high and 75 percent manganese 
ore. Dry areas were always presenting themselves in unexpected 
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places in Brazil, and this was one of them. Instead of the usual moist, 
humid forest on the mountainsides, we found a dry, dusty jungle of 
hamboos and dwarf trees through which for hours we hacked our way 
with sharp facio, It was here that we found Deuterocolnia Meziana, 
that unique bromeliad whose 5- to 7-foot flower stem continues to 
bloom for years from the same stalk. It grew as well on li 
rocks overhanging the Paraguay River aa on the manganese rocks. 
Unlike most of the bromelinds, this plant is caulescent. I have seen 
overhanging the high rocky ledges specimens probably 50 years old, 
with large, ridged trunks that gave them the appearance of prostrate 
yuceas, 

Tn evolutionary development Deuterocohnia is so close to Puya that 
it seems to be but an advanced form of that genus “distinguished by 
the udvanced characters of appenduged petals and woody habit." 

ty central Brazil, on the edge of the high plateau in the state of 
Minas Geraes, we found other terrestrials that were relatives of the 
pineapple and clove to the primitive form of Puya, "Uhis is a section 
of mines—golil, iron, and idliamond. In every direction we could sce 
the effect of the vust deposits of ores in the soil, and at evening the 
purple haze, mingled with red and yellow glints from the sun, made a 
flowing spectacle radiating earth colors seldom ceen outside of a 
mining district. 

It was in this section that Glazion, the French botanist. who spent 
the latter part of his life in Brozil, did considerable collecting, He 
was a bromeliad enthusiast, and in his years of collecting he discovered 
some 65 new species in this family, a greater number than any other 
collector hud ever found. It wus interesting to find many of his 
species, and in a number of cases our specimens were the first found 
since the type was named. It was o keen satisfaction to be able to 
collect two new Dyckins and three new Vriesms in tho rather arid 
rocky areas of Minas Geraes (with promise of still other undescribed 
species in the material obtained). 

Th most of these rocky areas one would expect to find cacti, a8 in 
Mexico, but in parts of Brazil most of the soil is acid, wheres the 
regions of Mexico in which cacti thrive ure alkaline. So in Minas 
Geraes cacti were the exception rather than the rule, Weseldom found 
bromeliads and cacti together, 

In southern Brazil our collecting was confined to Parand, where 
Dyckia encholiriaides was typical of the primitive terrestrials near 
Puyo. Unlike other Dyckias, it grew on bare granite rocks on the 
Atlantic coust at as low an altitude as 6 feet above sen level. Its 
species name indicates how close ure the Dyckies and Encholiriums 
Dyckia encholirioides ia one of the few Dyckias that have developed 


*Smlth, L. i Ceogruphien) evidence on the Jinew of evolition in the Bromeliacesa. 
erdr. Mot. Jahrb, Bd 06, Hett 4, p. 400, 1pe4, 








a trunk 7 or 8 fect long. Most of the Dyckias increase by stolons or 
side shoots nnd form bed masses of plants. 

Clinging to the granite rocks in a similar position on the Atlantic 
coast, but much farther north in the state of Espirito Santo, we found 
a new Lncholirium. This, too, had developed a prostrate trunk, and 
it might well have been named Lncholirium dyckioides, but my descrip- 
tion convinced Dr, Smith that the best nume for the plant was 
Enoholirium horridum, for my flesh was badly scratched and torn 
when J cut my way over a huge colony of these plants with their 
formidable, stiff masses of barbed leaves. This was the first species 
of Encholirium to show a branched inflorescence. It was the second 
new species in the genus for us, as we had discovered our first new one 
in Bahia and named it Encholirium Hoechneaawm in honor of Dr, 
F, C. Hoehne of Siio Paulo, 

One of our trips took us into both dry and humid territory im 
Bahia, northern Brazil. Here was a wide range of conditions, varying 
from the hot sands of the sea coast, where we found onr new Hohen- 
bergia littoralis, to the dry caatinga similar to the mesquite lands of 
Mexico. In this dry, shadowless desert covered with thorny, harsh 
vegetation punctuated with « few tall cacti we found the new Cryp- 
fenthus bahianus, During our month there we added nine new 
species to the total from that state, including Cryptanthopsia nt- 
vioides. Of this latter genus only one species had ever been collected, 
and that by Ule some 30 years ago, This interesting whorl of 
delicately spined, stiff, graselike leavea grew in a moist ravine in ¢x- 
tremely dry country, a habitat similar to that preferred by most 
species of Cryptanthus. 

Under the open, thorny vegetation we found another individualistic 
bromelind, NVevglaziovia variegata, The dull, brown-green leaves 
of this plant with their vivid whitish bands look at first glance like 
enakes. In Brazil it is one of the most, useful bromeliads, having 
been used by the Indians for centuries—and now on a commercial 
etale—aos a source of excellent fiber which is stronger than: sisal 
and makes a cloth that is softer than linen. The natives call the 
plant. cerea or caraguata, names that are also used for ceveral other 
kinds of terrestrin] plants that yield fibers, 

I am convinced that the type of country tends to produce the 
change in plants that creates varieties and species, and certainly it ms 
the adaptability of the bromeliads that has made the family so pro- 
lific. Plants with this quality, like people, go places and do things 
and make the best of a situation even if they have to change their 
color, habits, food, or methods of travel. Every hundred feet of 
elevation, and sometimes even every mile from the sea, one sees 9 
change in the bromeliads. When soil conditions, rocks, precipitation, 








and nir currents differ, the bromoelinds which have adapted themselves 
to these clinnges will be different, 

Tt was espocially interesting to observe the continually changing 
parade of species during the ascent of Mount Itatinya, which is 
nearly 10,000 feet high. At every rise of a few hundred feet, new 
bromeliads would appear, and then gradually disappear as we reached 
higher plant strata: And yet one Vriesia and one AccAmea started 
with us near the bottom and stayed with us until we had almost 
reached the top. But us we passed the tree line, they were 
left behind, although they attempted to stick it out on the «ides of 
some of the lirge boulders: At the top, the exposure to wind wnd 
cold wus too great for them, and they relinquished the territory to 
the Feriseea itatiqiae, the range of which is restricted to this moun- 
tain top. Tt is the sole member of ite genus and geems completely 
satisied with its isolation. It withstands frost, sun, wind, and 
drought and requires only the modicum of food that ean be obtained 
from jmall crevice: or cracks in the boulders. 

Acohmea audicaulis, on the other hand, has not been satisfied and 
has wandered all over the American Tropics. We found it in Mexico, 
Cuba, Trinidad, and Brazil; it is profuse in Central and South 
America. It lives in trees or on rocks in the coustal area and gen: 
erally enjoys either cun or ehade. With its range extending for 
thousands of miles, its plint form and its flower do not show as mach 
variation as one would expect, | 

On the shadowless sand dunes of the Atlintic conet in the state 
of Espirito Santo we found another Acchmwa as yet not definitely 
determined but undoubtedly close to A. nudioaulis. It is x stiff, gray- 
brown, tubular plant, almost metallic in texture: It grew right up 
to within a few yards of the sandy beach, Almost by its side we 
found x new Portea with short, stiff 18-inch leaves. This eame 
Portea we found again growing on Hiangrove trees in a swamp, 
just.a few feet above the water. There its leaves were narrow, limp, 
and 6 feet long, The stiff Aechmea, however, refuses to grow rapidly 
no matter where you place it, and while it does change to a more 
greenish cast i color in certain locations, its growth still remains 
slow, stiff, and rough. 

An example of what happens to certain plants if the conditians 
are changed is found in Billbergia Meyeri, which I found in palm 
boots in harsh, dry country on the western border of Sio Paulo, 
where it was exposed to both extreme drought and torrential rains. 
We brought some of these plants back with us: Those that I kept 
in full light and. gave no water retained their original shape; the plants 
kept in the shade made rapid growth and produced leaves three 
times their original length. When seeds of this species were planted, 





they germinated in 2 days; at the end of 4 weeks they were 6 inches 
high and ready to be placed in pots. At 3 months of age they were 
giabrous, succulent, green aa grass, and showed no trace of resem- 
blance (as most bromeliads do even st on earlier age) to the parent 
plant, which is a gray-brown, blotched plant with o texture like 
auery paper. 

Some of the species that have a wide range will vary 50 much in 
plant form, and at the same time have flowers so much alike, that 
they would exasperate almost any botanist. Again, there are many 
species, especially in the genus Priesia, in which the plant forms 
appear to be almost identical, but which have entirely different 
flowers, I suspect that many botanists have passed by come of these 
more closely similar plants without realizing that there might be a 
new species among them. 

T have hud one advantage over the botanist who collects only 
blooming or fruiting material. I take the living specimens as well us 
the herbarium material, and the plants coming to bloom at a ister 
date in my greenhouse have given me fresh material to be studied 
before the process of drying destroys certain characteristics. They 
have also viven mo flower material which I would otherwise not 
have procured unless I had made another trip in some other season, 

From the hundreds of visitors who come to our Orchidario in 
Florida to see the plants we have gathered comes an almost universal 
exclamation; “It must be thrilling to go into the jungles and get 
all these wonderful plante!” They see the romance only; we, too, 
see tht romance as we look at the interesting flowers and plants. 
But we recall also other things that intensify tho memories of 
tropical exploration—the bites of mosquitoes, curapatos, bichows, and 
giant ants, the stings of huge swarms of bees and wasps, the pene- 
trating of areas where malaria, yellow fever, or Chagas’ disease is 
prevalent, the difficulties of transportation, food, water, and shelter. 
And invariably the most benutiful flower is safely perched just 
beyond the point that is possible to reach. 

ens not the least of these memories is the preparation of thou- 

sands of herbarium specimens. These specimens may have to be 
made from a 14-pound juicy flower head or from stiff, spiny leaves 9 
feet long. They must be preserved regardless of the weather—in 
tropical rains and heat, or on cold, humid mountain tops. It is the 
surmounting of all these difficulties and vonditions that produces 
the romance for our memory. But it is this part of the affair thut 
would take most of the romance out of a jungle experience for many 
people, so they collect therr jungle flowers from the florist. 











1 TLLAANGA HECUAYVATA 


ee Oa ee tht tiie on hehe Bin 


Y oak ae : T Te 


a | 
S RSthGa 





: A PRESSING ENC ACEMENT, 


‘Mrs, Fuales poetures lathoroon Qecthen feo ralbeteil finnia while torpeli feel depos "hie iirc El 
jek) wip wel) eriuipigaul Tnidaiea! Grail wf the winded Shee Pili pera w in bee Mariiiig ipiarierd i eel 
a5 mpd oho ef foe), hijel, atu tory eeieniiAe enpiarkiin fo Lint bene molting irigen cum lel be 
nme wu preal sills 


Senithmen Fispeore, 1902 fF eter PLATE 2 





lL A OSNTINLAL Tok AN GLinge 


Vitae trating dowd ile Hey? epee of ae mmetitiiidia at Dee beedhoret ageeeed ail Teall tes ft heree—giy eer ee 
Non eta. Tiwualeed puck Wer et irae 





4 


2 TULAASA OF OCoOMPOSITA 


Tet ejgphyie ol Matti dire « liv i erie pierre Sith Pntia cond albverd ite feawee in mgr) Ware 
Pinal sree) eeeatl (me eee eile: be ete pinlike pres 


Suiifteeman Fiegeart, (O02, Fost FA_AT= 4 





| AGES oF WIND 


Thi hal a eee Vb Vabhe eieere ba) pre eee ine pert Ae, eee OTe & hee LY Le. shaped 
hy the ath ef con = online Ke thr ecard jiele chine, Rit nid wiry. thee fetaeolin ferro are bef 
ihahlicd eniy by inviacihle plants, tre, and palm mid ih he one eho Win bh mee of tom will 
tlinalty dle oof tury and bat 





2, STREPTOCALY FLORIBLUNODA, 


A ginny equphyte with jeaves 8 feet bong. 


Sere heer Fapert, MA - Powe Pilate 4 


ae 


1 NiCULABRIUN IMNMNOCENTII VAR 





A Grieg Petpcedud whee etiite (lime tincwn in pe ley ea) bes) pees 





= 


- THE DOISecoue® CRYPT ANTHUS. 


TAS erred ehbnn Gof sepneeade oem Chverwrn. carblipeme ier tee Drala. aaa heres} in domes fd 


we eye Lea Te aaa? Lor 
& MM] LW pee cuy i “wrihiens th! aa GL CB proel aie hy 
LE a GE VW mw oy RIMey Fae BAS WUE] ica ETE DL mint] iM 
jp YT, TY a a OT] ME FD Tepe ge 


Tae EPR Ey Ap ye) eh ee GT WS, 


Pietro 


G§ 2LV¥ ie 





Ss Lal priuel a Lay a TP LL Anan 
SU SETS Te, ee ee bey faye Wh Fi BT CaF] Gea wey a, 


HDlid CNIHOHWVES i 


= 4, 
i) 4 _— 
he 


a 


SP | Pil iT HEREBY Or ets 


PLATES 


Sh ; 
_— ee 


ad if / i ty 





_  * . = 
i EXHPoavTil® BEPUGE 


Ay hubs ae on fe eed ees a Petre Chad 5 ke cae’ coeted places A iiee Katee eel a Reet quae aepeet 
neartake!) enihe. Sores, and w lar Sebeny Fe wets 





2 AECHMEA MACROCHLAMYS 


in wqulpitny in Whe Wee fie we Tlor Bare 1 Wa Pe Bik 


het hmmitan, Megat. Wil bees 





i H¥YLA VENLULOAS 


frees ever tute Lhere extn lee. pine polbet 


- 


; = 


hy -s —#* = =. bell 


r. Z -. 
oe ro | i=" 





2 OM MAUMT (TATIAV A, 


i i j r iy [iii | ; ni io? Teh We nes ont Breall 
‘olivia the mplobordie pein) of tie py ot Dany se, eee el hang roeretitieknes ent ! 





| | 


I 


“por alt Pose ea iomiet [dogeeert Lae ee | PLETE & 


~~ 


= . # 


=a 


Bs 





|, AS ARIST RCRATIC PINTAPELE 


‘ee i he yey ee ell ae de TMT 





2 OFVEHKIA ENCHOLIATOIDES 


Did ti die ot the few Oe hae eee Bega clliicge " ipa ia irink T dew herve F carl ASG on Tradlie mcke oe 
borer os A feet gly ye the high-wgaae Tse neta Vie A placid let Uke 


iuittif 
Rettay st Roe ee TCT ft) URAL“ argyy dee|j me pie eT [may 


VITA VIAOIZWISo9h < 





SWOT) TY eG) Cy Te aL, PU Te [he 
i Ld be Aatuhiea| By bf Sita Mie ey] ely OE A Toy) OF) Py 
1 Ce Seay jerap e ee  r Pr OY PRI arp Ayelet: pry,y 


WHVITSY VINMOQONALITA] | 





pers — pe | baat ay i Ce aes fH dt? 


eithiewdan Hage, (EF eee PLATE 10 





1. VRIESIA EXT THRODACTY LOM 


Mit CE lien @ i Pes pirih Aer Genin Aire Piel = | i heres ly Eten (igh, 





=. VRIESIA HIER LYPHICA, 


ie Gf Ue berate tenities of the mewmatal rain foreots lies levilevt protestiitr eninnwiiah |i ie cleo momti ling. 


CANADA’S INDIAN PROBLEMS * 
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If you study a physiographic map of Canada, or, better still, if you 
travel over the Dominion in an airplane, you will find yourself irre- 
sistibly compelled to block off the country into four regions, viz, Can- 
ada east of the Great Lakes, the prairies, the Pacific slope, and the far 
north. Evon then you will not be satisfied, but will begin to suldlivide 
thease four regions, to distinguish in eastern Canada, for example, be- 
twoen the fertile lowlands in southern Ontario along with the valley 
of the St. Lawrence, and the rocky uplands, splattered with innumer- 
able lakes and rivers, that comprise the largest part of the two prov- 
inces, Quebec and Ontario. Each region, each subdivision of a region, 
differs from the rest in climate, in vegetation and in fauna; and since 
the less civilized man is, the more deeply he is influenced by his physical 
environment, so our Canadian Indians, when they first came into con- 
tact with Europeans, were likewise separable into a number of divi- 
<ions—divisions that corresponded more or less with the geographical 
ones, but derived from differences in the mode of life, social organiza- 
tion and religious beliefs. It was due to these differences, in no small 
measure, that our Indians responded so variously to European contact, 
and that they vary 50 greatly today in their adaptation to European 
civilization. 

Europeans first established a foothold in the eastern part of Canada, 
where they encountered two types of Indians, nonagricultural, migra- 
tory Algonkian tribes of the Maritime Provinces and of the upland 
areas of Quebec and Ontario, and corn-raising, semisedentary Iro- 
quoian tribes of southern Ontario and along the banks of the St. 
Lawrence. ‘These Iroquoians were themselves comparatively recent 
immigrants into Canada. A few centuries before they had lived to the 
south, either in Penneylyania or within the basin of the Ohio River, 
where from neighbors still farther south they had learned to cultivate 
corn, beans, squash, and tobacco. But during the 300 or 400 years 
that had elapsed between their irruption into Ontario and Jacques 


1 Roprinted by permission from the America Indigem, vol. 2, No. 1, 1042. 
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an adjustment, as it were, with the nonagricn|tural Alponkinns who 
bordered them west, north, and east, an adjustment not unlike that 
between the nomadic desert dwellers of Arabin and the settled yil- 
lagers on the fringe of the deserts, The Algonkians, thut is to say, 
hunted and trapped along the lakes and rivers, transporting their 
birchbark wigwams on toboggans during the winter months and in 
birchbark canoes during the summer, roasting their meat and fish or 
cooking it in portable birchbark kettles, but, generally speaking, keep- 
ing to themselves and avoiding the Iroquoians of the lowlands, though 
they did occasionally exchange a few furs with them for such luxuries 
ns tobacco and corn. The Trequoians, for their part, peacefully cul- 
tivated the fields near their clusters of shedlike huts, and their men 
hunted and fished in the vicinity while the women harvested the crops, 
mannfnctured clay cooking vessels, and performed. numerous: other 
tasks incidental to a settled village life. 

Even in the sixteenth century, long before any European had pene- 
trated tmland as fur as Ontario, Breton, Basque, and Portuguese 
fishermen and fur traders had disturbed this adjustment. ‘They had 
upset the native economy by introducing iron tools and weapons, and 
by creating an unlimited market for furs, particularly for beaver, 
which led to the denndation of the game in certain districts and to 
widespread movements of the native population for trade and hunt- 
ing. Trade rivalries and encroachments on the hunting grounds of 
others then engendered intertribal warfare that was uggravated by 
the introduction of firearms; and the Iroquoians of the St, Lawrence 
Valley and southward became hitter foes of the Algunkians who sur- 
rounded them on three sides, and of their own brethren in Ontario. 
Differences in the social and political organization immediately as- 
serted their influence. The well-integrated Iroquois tribes federated 
for mutual protection (creating the well-known Five, later Six, Na- 
tions), cubmitted to the rule of an elected council and to the discipline 
of military chiefs, and through their military yalor and skillful diplo- 
macy during the colonial wars won for themselves ample farming 
lands and a semiautonomous status when those wars enced. On 
the other hand, the nomadi«e Algonkians, who lacked any close tribal 





organization but wandered from one hunting and trapping ground 


to another in small, semilenderless bands, proved incapable of uniting 
or of exercising great influence in the conflict between the French 
and English for supremucy on this continent; and, being a negligible 
factor, they were pushed more and more to one side by the ever-in- 
creasing flood of whites. | 

_ Nevertheless, even these Algoukians encountered alleviating condi- 
tions such as were Incking to the Indians over the greater part of 
western Canadn, who did not come into close contact with Europeans 
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until two centuries later, The earliest French settlers in eastern 
Canuda were few in numbers, primitive in their manner of life, and 
cut off entirely from the Old World except for the visita of one or two 
ships each summer, F , the vast majority were men who 
combined their simple farming with fishing and hunting, or neglected 
furming altogether for a life in the woods similar to that of tho 
Indians. Yet Canada was their permanent home, not merely a place 
of work and résidence for a fow years, after which they would return 
to Europe, a4 did so many wmployees of the great fur-trading com- 
panies who operated in the west and northwest a century or so later. 
Nothing was more natural, therefore, than that many of these early 
French settlers should marry Indinn girls, especially girls who had 
been educated in the mission schools; und that the free traders who 
roamed the woods should take wives from the Indians who supplied 
them with furs, We must remember thal in the seventeenth century, 
the period that witnessed the laying of the foundations of New France, 
Indians and whites were on more nearly equal footing economically 
than they were u century later, when numerous industries such 18 
milling, weaving, and iron-working established themselves in the 
Maritime Provinces and along the banks of the St. Lawronee. Hence 
intermarriage occurred quite freely, half-breeds experienced no tlis- 
abilities-of any kind, and beth half-breeds and Indians received every 
encouragement to participate with the white settlers in building up s 
prosperous colony. How many actually merged with the whites we 
shall never know, but the proportion waa not inconsiderable. Many, 
of course, found the drudgery of farm life too difficult and preferred 
to maintain their old hunting and trapping existence, which wis In- 
deed the only existence possible north of the St. Lawrence watershed; 
and it is they, or rather their descendants, whe occupy most of thie 
present-day Indian reserves in eastern Canada or roam over northern 
Ontario and northern Quebeo. Yot even they were witnesses, and 
to o limited degree, participants mm tho slow rise of eastern Canada 
from a few settlements of primitive colonists to » great agricultural, 
industrial, nnd commercial area, and they were given: ample time to 
adjust themselves to the changing conditions that unfolded themselves 
century after century. 

‘Tt was otherwise on the great plains, whose inhabitants had to with- 
stand the shock of two sudden revolutions, both brought about by 
whites directly or indirectly, We actunlly know very little about 
the life of these Indians prior to the first revolution, liecsuse the only 
explorer who visited them before that time was the youth Kelsey, 
and his-account of his journey is extremely meager. In his day (1690), 
apparently the only true plains’ dwellers were the Blackfoot and the 
Grog Ventres; for the othor tribes that later disputed the aren with 
them, the Sarcee, Asciniboine, Crea, and certain bands of Ojibwa, 
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clung to the foreste at this time and made only brief incursions onto 
the treeless prairies, Kelsey found the Blackfoot wandering on foot 
in small bands that ceaselessly pursued the numberless herds of but- 
falo. He met them, however, in summer only, and whether or not 
they too retreated to the edge of the forests at the onset of winter is 
uncertain. Less than 50 years later they had obtained horses from a 
United States tribe to the southwest and a few guns from Hudson 
Bay. At the same time the neighboring Sarcee, Cree, and Assiniboine 
Indians had begun to press into their territory, ond to demand a 
greater share of the buffalo hunting now that the mobility given by 
the horse and the effectiveness of the firearms had made hunting esdier 
and more profitable, Rivalry in war and the chase then brought about 
internal reorganizations in all the tribes. Some of them graded their 
young men into semimilitary societies und adopted a circular form of 
encampment with the tent of the highest chief in the center. AI alike 
elevated warfare to the level of o national sport, and instituted a 
regular system of rewards for the taking of senlpa and the capture 
of guns or horses. 

So it came about thet the plains became one vast guerrilla gone in 
which men hunted and were hunted without couse. The dress, the 
customs, even the religion of the Indians reflected the change that 
had taken place, and under uniform geographic and economic condi- 
tions tended to become uniform also. Every tribe, for example, 
adopted the institution of the sun dance, and possessed ite quota of 
precious medicine bundles, each with its individual ritual, 

All this time, liowever, Europeans were slowly filtering into the 
prairies from the north, south, and east, and the indiscriminate mus- 
sucre of the buffalo herds by both races was rapidly destroying the 
foundation of the Indinns’ economic life. By 1579 the great herds 
had ceased to exist and the old free hunting life suddenly collapsed. 
With almost no warning the starving Indians were confronted with 
their second revolution. Henceforth they had to confine their move- 
ments within narrow tracts of land set apart for them by disdainful 
white overlords, and to divert their energies from the exciting buffalo 
hunt, with its intervals of pleasant idleness, to the monotonous drudg- 
ery of farming and ranching, tasks which their forefathers would 
have regarded with contempt. We cannot wonder that most of the 
ex-warriors of the first generation lost heart at the abrupt transforma- 
tion, md that for a period the population of the plains’ Indians 
registered a decline. 

Similar declines of population are not rare. On the contrary they 
have occurred in British Columbia, in parts of Africa, and througli- 
out almost the whole of the South Seas; so commonly, in fact, during 
the last 200 years as to be almost the rule wherever uncivilized peoples 
have been suddenly confronted with European civilization. Not one 
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cause only is responsible for it, but a number of related causes. 
Changes in the economic activities and in diet have played their part: 
for example, our Mackenzie River Indians are now more or less: per- 
manently sedeeaorialied, ag are many natives in other parts of the 
British Empire. Then, again, epidemics of previously unknown dis- 
eases have ravaged the native population in all parts of the world 
(measles, for instance, wiped out 40,000 Fijians in one year), Per- 
haps the most important factor, however, has been the failure of the 
natives to reorient their lives under European hegemony and to estab- 
lish themselves on secure economic bnsis that preserved both their 
dignity and their feeling of independence. The loss of their economic 
security and the degradation of their social status has destroyed their 
self-respect, robbed them of all nim and ambition in life, and lowered 
their morale to such an extent that they consent more or less con- 
sclously to the signing of their own death warrants, Very often the 
fault has lain not with the natives themselves, but with their Eur 
overlords; for only too commonly white governments have failed to 
realize their responsibilities toward their native subjects, and havo 
allowed individual whites either to exploit them, as they exploited 
the Kanakas on the Queensland plantations, or to push them to one 
side as encumbrances, as happened to the Australian blacks. 

One prairie tribe, the Blackfoot, cuffered less from the economic 
shock and the ravames of diseases than the rest, for a reason we shall 
ae presently ; and, within the Inst 20 years, all the plains’ peoples 
have shown signs of recovery and of a slow increase in population, 
even though the economic conditions on some reserves are still far 
from satisfactory. A recovery of this kind is not uncommon either; 
it ig occurring today, for example, among the Eskimo, and among the 
Maoris of New Zealand. And just as InNAny causes operated, often in 
conjunction, to produce the previous decline, so there sem to be many 
causes for the recovery. In the Tropics, climate undoubtedly exerts 
an important influence, because Europeans cannot develop the Tropics 
without native labor, and a growing realization of their indispensa- 
bility increases the natives’ economic security and social independence. 
Both within and without the Tropics, again, natives whose economy 
was already based on agriculture have generally fared better than 
those who, like the Australian blacks and most of our Canadian Indin 
supported themselves entirely by hunting and fishing; for the new 
regime, while greatly modifying their daily life, has not demanded 
a complete transformation. It is partly for this reason that in eastern 
Canada our agricultural Iroquoian tribes have prospered more than 
the previously nonagricultural Algonkian, even where the Intter have 
been placed on reserves with equally fertile soil. 

We can discern still another reason, however, for the greater pros- 
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perity of the froquoians, and particulariy of the Five Nations. At 
the time of their greatest crisis, i. e., at the close of the colonial wars, 
they were organized into a more compact unit than the Algonkians, 
and they were led by men of courage and vision like Joseph Brant. 
The same factors account for the resilience of the Blackfoot. Tt was 
the able leadership and far-seeing wisdom of their chiefs, especially 
of Crowfoot, that braced them against the shock of confinement, en- 
couraged them to direct: their energies to the growing of wheat and 
the raising of cattle and horses, und maintained their morale at a 
high level while that of the other plains’ tribes Intguished, These 
two examples from our Canadian Indians—esamples that could be 
multiplied the world over, among civilized and uncivilized peoples 
alike—illastrate » truth that we often overlook, viz, that the strongest. 
forces for the regeneration or wpbuilding of peoples come from within 
their own ranks, not from without, Always the driving force is some 
seemingly high and noble ideal, but this ideal may lie dormant for years 
and even centuries (as did the longing for liberty in Finland and 
Poland) unless come great leader arises to give it voice and to carry 
the people with him. Every administration that deals with a native 
race, therefore, should aim, first of all, to inspire or foster in that 
race-some desirable goal, and then to promote the evolution of native 
lenders who will command the confidence of their people and guide 
tiem toward that. goal. 

The steadfastness of the Blackfoot when they were first confined to 
reserves, and the progress they have made stnce in readjusting their 
lives, scarcely affected the other plains tribes, whose partial recovery 
in recent years must be attributed to their own vitality. As the older 
Eeneration passes nway and the traditions of war and buffalo linnting 
fade more and more from memory, the younger Indians in these tribes 
are gazing out on anew world. Occasional travel by rail, but expe- 
cially by automobile, is helping to enlarge their outlook, and the hope- 
lessness (hat gripped therm when they were first banded on reserves is 
slowly paxsing away. They have noticed the economic distress of 
the white farmers on the prairies during the Inst decade, and they are 
realizing more and more each year that, however benovolent the gov- 
ernment may be, however it may protect and safeguard them, in the 
last analysis their future and that of their children depends principally 
on their own personal efforts, 

Our picture changes completely when we pass to the Pacific coast. 
There the climate is milder, the vegetation and fauna very different 
from those in other parts of Canads. Any iniand tribes that pushed 
their way thither through the barrier of the Rocky Mountains found 
conditions so favorable that they never returned. Actually the main 
population drifts seem to have been from Alaska southward down the 
interior plateau oralang the coast. The region was largely « cul-de- 
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cat whoss inhabitants, thongh ignorant of Pegontere evolved an 
amazingly rich culture on the foundation of their local resources. 
These resources were themselves unusually rich. The sea and rivers 
yielded fish in astonishing abundance, wild fruits were plentifal, and 
the forests supplied magnificent timber that was easily worked with 
stone or bone tools. 

At numerous places along the coast line, then, there stood in pre- 
European days villages of plank houses such ns existed nowhere else 
in America. Some of these houses were of extraordinary size, and 
adorned with those enormous carved pillars that we now commonly 
eall totem poles, The villagers themselves roughly separated into 
tires grades, nobles, common people, and slaves, the latter either 
prisoners taken in raids on neighboring communities or the descendants 
of such prisoners. With abundance of food, particularly of salmon, 
life was rather easy, and the months of autumn and winter were de- 
voted largely to entertainments, both secular and religious. The 
nobles, who acquired their status by inheritance, vied with each other in 
giving elaborate feasts or potlatches, and the ceremonies and rituals 
that accompanied these feasts stimulated the arts of weaving, painting, 
and wood carving, as well as music and the drama. In art and drama, 
indeed, the Pacific coast natives far surpassed all others in Canada; 
their unique wood carvings have attained a world-wide reputation. 

A number of Enropean vessels visited this British Columa coast 
in the closing years of the eighteenth century, but colonization began 
only in the first quarter of the nineteenth, and then it was confined to 
u small district around Victoria. By the middle of the century, how- 
ever, the tide of immigration was flowimg in great strength, and already 
disrupting the economic and social life of the natives throughout the 
entire province, European disregard of all distinctions of rank, the 
abolition of slavery, and the introduction of new standards of wealth 
which the ex-slave could acquire more easily perhaps than his ex- 
master, destroyed every vestige of local authority in the villages, while 
at the same time the establishment of fishing canneries seriously inter- 
fered with their principal food supply. The mechnonica) age had just 
opened. Steamers were plying up and down the coast; lumber com- 
panies with snorting donkey engines and high-rigging tackle were 
invading the forests. With almost no preparation or warning Indians 
who had not yet fully emerged from the stone age found themselves: 
caught in the maelstrom of modern industry and commerce, 

The first result veas a frenzied acceleration of native life. By hiring 
out their labor to Kuropeans, Indians who could never have hoped for 
social advancement in their communities were able to amass enough 
food, blankets, and other goods to hold great feasts or potlatehes, to 
assume the rank and titles of nobility, and to extend their fame among 
all the neighboring villages. At the same time the introduction of 
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metal tools facilitated woodworking, and not only chiefs, but ex-com- 
moners and even ex-slaves began to build enormous houses, to set up 
lofty totem poles, and to pirapnneuaieoscainea neo 364 carved wooden 
masks. Rivalry among the more prosperous Indians increased the 
frequency and magnificence of the potlatches,; men ctl and saved for 
years merely for the glory of entertaining 3,000 or 4,000 guests for 
forSdays Finally, in some districts, the old custom of giving away 
presents at these potlatches—which was a Sealy a ae banking 
system, since the presents were redeer degenerated into rew 
squandering and even the wanton deiirackion at roberts Naturally, 
this only increased still further the jealousy and strife, besides threat- 
ening widespread destitution. Accordingly, the government inter- 
vened and strictly prohibited all potlatchea, including under that term 
every ceremony, religious or secular, at which the giving of presents 
had been customary. The turmoil jn the villages then died down; 
lut the measure was purely negative and hud an unfortunate psycho- 
logical effect. It destroyed the ambition of the natives by depriving 
them of their traditional means of social advancement without helping 
them to improve their economic and social position vis-a-vis the white 
population. Very few of them had successfully taken up farming, 
The majority worked for the fishing canneries, where the men had 
now to compete with well-organized Japanese fishermen; or they 
gathered fruit and hops, worked as dock hands in places like Vancou- 
ver, Victoria, and Nanaimo, or found enploymant 4 in lumbering and 
similar occuyuitions, for the most-part seasonal, that, provided only the 
harest subsistenes, Civilization had burst. upan them ao gaddenly that 
they were bewildered and unable either to avoid its evils or to see and 
grusp its opportunities. European diseases decimated their ranks and 
the population dropped at an appalling rate, Some of the girls mar- 
ried white men, or, in rare cases, Chinese; here and there a man broke 
away from his fellows and merged with the whites; but the greater 
number clung to their old settlements (which the government finally 
converted into reserves), and watched with hopeless, uncomprehending 
eyes the growth of industry and commerce around them. Scattered 
in tiny communities without any semblance of union, they could de- 
velop no leaders to guide then out of the morass. Their regenera- 
tion seems possible only from outside stimulus and leadership, such 3# 
is now meeting with success in Bella Bella and a few other villages. 

It is interesting to notice that Japan, on the opposite side of the 
Pacific, was caught in the same maelstrom ns our Pacific const Indians, 
and ut: precisely the same time. Japan, however, wae a densely popu- 
lated nation with an ancient civilization grounded on the intensive 
cultivation of the soil. She poesessed the tradition at least of unity, 
her political freedom was unimpaired, and her ruling nobles were able 
to pool their efforts and work out their country’s salvation on a definite 

















CANADA'S INDIAN PROBLEMS—JENNESS S75 


plan, Our Indians, on the contrary, numbered only two or three score 
thousand individuals scattered through dozens of politically indepen- 
dent hamlets, and speaking half a dozen mutually unintelligible lin- 
guages. Politically, they were incapable of uniting and presenting a 
common front, even if they could have found a leader. Moreover, they 
were fishermen and hunters who had never tilled the soil until the 
early Europeans taught them to grow a few potatoes. Hence when 
the fishing companies monopolized the runs of salmon, which had been 
their staff of life, each little community had to make its own sdjust- 
ment and either change its mode of existence entirely or disappear. 

Tf the Pacific coast with ite abundance of fish was an extremely fa- 
yorable area for human habitation, and indeed, before the coming of 
Europeans, the most populous region in Cannila outside of southern 
Ontario, where the cultivation of corn permitted a greater concentra- 
tion of population, the basins of the Mackenzie and Yukon Rivers, like 
northern Ontario and northern Quebec, were very unfavorable, The 
rigorous climate prohibited agriculture, even had it been Known. Fish, 
while comparatively plentiful in the lakes and rivers, did not run in 
lnrge shoals, like the salmon of the Pacific coast, and their capture 
involved extreme hardship during 6 months of the year. The real 
mainstay of the Indians was the caribou, which supplied not only food, 
tut clothing and coverings for the tent; but in tho forested areas the 
caribou roamed singly, not in great herds like the species on the barren 
lands, so that the Indians had to wander about in groups of two ar 
three families, that feasted when the chase and fishing were snecetsful 
and starved when they failed. Life thus ulternated between plenty 
and starvation. ‘The weaklings perished on the trail, simce there wae 
no fixed liome where they could find shelter, or stable food supply 
that could tide them over a critical period. Few social amenities 
lightened the unending drudgery and hardships. It was a region of 
poverty, material and spiritual, Nevertheless, it enjoyed one blessing, 
it was a fairly peaceful region, because one area was scarcely prefer- 
able to another and the tribes had no inducement to encroach on each 
other's territories. 

The advent of the for traders in the seventeenth and eighteenth 
centuries destroyed this peace without relieving the prevailing poverty. 
The two tribes that bordered the fur posts on Hudson Bay, the Cree 
and the Chipewyan, tried to monopolize for themselves all the benefits 
of this trade. Equipped with guns, the Chipewyan reduced their 
neighbors, the Yellowknives and the Dogribs, to a state of serfdom, 
while the Cree pushed westward, drove out the Indians who inhabited 
the upper waters of the Mackenzie River and took over the territory for 
themselves, ‘Turmoil and strife prevailed through the entire region 
until a terrible epidemic of amal)pox toward the end of the eighteenth 
eeatury carried off nearly half its inhabitants. Even then the tribal 
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enmities that had been engendered persisted, und occasioned more 
than one massacre in the first half of the nineteenth century. Peace 
has now prevailed for 100 years, missionary and tradings posts are 
scuttered over the whole area, water and air transport are opening 
it up as « tourist playground, and the mineral wealth in ila rocks 
is being exploited more and mor: with each passing year. Yet. the 
Indians have fail] to make any appreciable progress. Hunting (in- 
cluding trapping) and fishing still remain almost their sole means of 
subsistence, and the returns from these occupations are decreasing 
rather than increasing. It is true that the murderous blood feud lus 
long been suppressed, that infanticide and the abundonment of the aged 
and infirm have ceased, and that there are now very few deaths from 
outright sturvation. Nevertheless their standard of living is 2 low 
that the majority are permanently undernourished, This makes them 
ready victims of every sickness, particularly of tuberculosis, and, com- 
bined with the hardships of » hunting life, produces a very high 
mortality. 

Now it is quite probable that these northern Indians have always 
heen undernourished to some extent, and that it was partly under: 
nourishment that made them Jess virile than other Indians, aa their 
early history seems to indicate. It would explain also why, generally 


speaking, they huve shown no resourcefulness in meeting the changed 
economic conditions of the last 100 years, or any desire to adapt them- 
selves to their new environment, They are good canoemen and 
packers, tasks that they have performed for centuries; but in all 
occupations connected with industry and commerce they have shown 
themselves hitherto inefficient and unreliable. Their numbers are de- 
clining; both their economic condition and their morale are at a low 
ebb. Their regeneration is an exceedingly difficult task, hinging very 
largely on the economic resources of the territory (which are still 
imperfectly known), and on the development of these resources by 
the white man. The Indians are themselves one of the resources, for 
they are a fixture in the territory; they cannot, like white mon 
who enter it, pull up their stakes and return south if the living become: 
unprofitable. The chief problem therefore is to restore their morale, 
and to raise their standard of living by providing remunerative em- 
ployment for which they will show some aptitude. And this will tax 
the wisdom of the most far-sighted government. 

The Arctic coast of Canada was a realm of its own, and its inhabi- 
tants, the Eskimo, differed from all the other aborigines of America in 
language, appearance, mode of life, and—what is less often stressed, 
though it has tremendous influence on « people's suryival—in 
_ There is no need to describe Eskimo life—how it rested solely an 
fishing und hunting, particularly the hunting of sea mammals, and 
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how it varied in different parts of the Arctic, and at different seasons 
of the year. Inevitably it involved great hardships, and the mortality 
everywhere was very high. In the Canadian Arctic especially the 
population density was extremely low owing to the comparative scar- 
city of sea mammals; long stretches of coast line curried no inhabitants 
ot wl The total number of Eskimo-speaking people today, from the 
shores of eastern Siberia to Greenland, is only about 38,000; and there 
is no evidence that it ever exceeded that figure, 

Tt was in Greenland that. Europeans firet discovered the Eskima, 
at the ond of the sixteenth century, if we leave out of account the 
carly Norsemen, whose culonies were spurloe vereenkt, Durimg the 
next few decades these Greenland Eskimo, like those of Canada and 
Alaska later, were demoralized by the crews of whaling ships and deci- 
mated by European-brought diseases. In the eighteenth century, how: 
ever, Denmark insulated the country by making all trade » government 
monopoly and began te sdminister it on the principle of “Greenland 
for the Greenlanders.” Eskimo became the official language through- 
out the island, and its inhabitants were granted in time «a considerable 
mensire of eelf-government. During the last hundred years the popu- 
lation hus steadily increased until now it exceeds 17,000. Intermar- 
riage with whites takes place quite freely, and most of the present- 
day Greenlanders carry in their veins o greater or less percentage 
of Danish blood, 

Whaling ships did not frequent Hudeon Bay and North Alaska in 
any numbers until the second half of the nineteenth century. There 
too they left a diminished population, one that had become equipped 
with rifles and metal tools. Nevertholess, they did not greatly disturb 
the daily routine of Eskimo life as it had existed for centuries, 
The fur traders who succeeded them, however, exerted a more perma- 
nent influence. Instead of hunting seals on the ice close to shore dur- 
ing the months of winter the Eskimo now trap foxes, and their diet at 
that season has changed in some regions from 100 percent meat and 
mest broth to 60 percent and even 70 percent flour and tea. Their 
elothing, too, hag altered, Originally made entirely from caribou 
fur except the outer footgear, which was of sealskin, it now consists 
partly of woolen and cotton garments; and under the conditions that 
prevail in the Arctic these garments are seldom washed, and some- 
times not even removed until they: rot. Inadequate diet and wnby- 
monic clothing are thus impairing the physique of the Eskimo in many 
places, even though there are fewer deaths from outright famine. 
Whether their numbers are still declining along the more northern 
coasts is unknown, sitice there has never been even an approximately 
nocurate census until the last 10 years, 

In Canada, as in Alaska, the authorities have made no attempt to 
isolate the Eskimo. Subject to certuin regulations, Arctic Canada is 
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open to all and trade is free, though the Hudson's Bay Company enjoys 
a virtunl monopoly over a large area. No educational facilities exist 
apart from the rudimentary teaching of English in a few missions. 
In Alusits there are regular day schools in all the larger Eskimo centers; 
they too employ English as the medium of instruction. In the Green- 

land educational system both day and high schools employ the Eskimo 
anguage, though the teaching of Danish is now compulsory, 

In dealing with her Eskimo population, therefore, Canadi, like the 
United States, has followed an open-door policy that implicitly ain 
at rapid assimilation, whereas Denmark has adopted u policy of segre- 
gation and tutelage similar in many respects to Canada’s policy with 
her Indians. The merits of the two systems huve been widely disputed, 
not in reference to the Eskimo only, but in reference to many native 
populations the world over, even the colored population of the United 
States. In the Sonth Seas, where Europeans have definitely rejected 
segregation, the Mnoris are increasing in numbers and merging tran- 
quilly with the whites, whereas in Tahiti and other islunds their 
Polynesian brethren are rapidly declining. The Japanese have segre- 
gated the Ainu, Britnin has insulated the Nagas of Aseam, Belgium its 
pygmies in the Congo, South Africa ite Bushmen and some of its 
Bantus; and Australin is considering the segregation of ite blacks. 

Now it is clear that segregation does not in all cases carry the same 
aim, No one expects, under the tutelage which segregation permits, 
that the pygmies of Central Africa, the Bushmen of South Africa, or 
the Australian blacks, will advance to such an extent that they cat 
some day stand on their own feet in competition with other peoples. 
Segregation in their cases is dictated by considerations of humanity 
only, the same considerations that lead us to build old men’s homes for 
the indigent poor, ‘These natives are comparatively few in numbers, 
they are incapable, we believe, of making any important contribution 
to the progress of man upon this earth, nud if they should become 
extinct within a few generations or centuries the world will presum- 
ably be none the poorer, Whether they are doomed to disappear 
quickly or to remain in tutelage for as long as we can foresee, our 
moral sense compels us to make their lives no less comfortable and 
happy than our own. 

Not humane considerations only, but economic ones also inspire the 
segregation of certain Bantu tribes and of the Nagas of Assam. The 
numbers of these peoples run into millions, and they inhabit large 
areas of fertile tropical land that the white man, even if he tries to 
colonize, cannot develop without native.lubor. Hence he must either 
protect the local inhabitants and train them to develop their territories 
themselves (in the beginning, at least, under his hegemony), or he 
must permit their dispossession by Hindu, Chinese, and other peoples 
who are ulso adapted physiologically for a tropical life: 
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In the cases of sexregation just noted there is no intention, explicit 
or implicit, to encourage any merging of the protected races with their 
protectors, because white people, particularly those of Anglo-Saxon 
and Toutenic stocks, haye strong prejudices against intermarriage 
with colored peoples. (Japan, we may notice in poseing, likewise 
discourages the intermarriage of her nationals with the Ainu). But 
when Denmark insulated the Eckimo of Greenland, and the United 
States and Canada placed their Indians on reserves, not only did they 
aim to raise the Greenlanders and the Indians up to the white man’s 
enltural Jevel, but they looked forward quite frankly to ultimate 
amalgamation, ‘There was no color bar to prevent this amalgamation, 
no prejudices other than the economic and cultural, The natives were 
expected to mingle with the whites on equal terms as soon as they 
reached maturity and gradually to merge their blood. Hence the 
insulation or segregation of these peoples is merely a temporary expe- 
dient equivalent to the placing of orphan children in training institu- 
tions: it isa vary different measure from the segregation of the Bantu 
and Bushmen tribes in Africa, or of the blacks in Australia, 

It would be wrong te suppose that this segregation or insulation of 
the Indians and Eekimo aimed at eliminating every trace of their old 
cultures and blotting out their languages, Poth peoples have already 
enriched our civilization in many ways, and may conceivably enrich 
it still further, In educating them to play a part in the economic and 
cultural activities of the modern world we desire to eliminate only 
such features of their former life as definitely hinder their progress 
and render them less adaptable, Accordingly, in Greenland, Denmark 
has promoted the use of the Eskimo language and the hunting of 
seals in kayaks; but she has algo enforced the study of the Danish lan- 
cunge and culture, has developed fishing into a large-scale industry, 
and, wherever possible, fostered new activities such as the breeding 
of sheep and goats to raise the economic level. 

Canada’s administration of hor Eskimo hos the came ultimate aim 
as the Danish, even though from geographical reasons it necessarily 
follows « different course. Greenland is an island that until recently 
was accessible only by sea during a few months of the year, and it 
lacks any large deposits of minerals except some relatively unimportant 
eryolite beds. Only its sealing had any attraction for foreigners, and 
that was located largely off the uninhabited northeast coast, In closing 
the country to foreign traffic, therefore, Denmark ran no risk of inter- 
national complications, and in elosing it to her own people she aroused 
no internal dissension, because it was not a field for colonization or for 
any enterprise that looked for profits. Whether it has been closed long 
enough, and whether the Greenlanders, now admittedly more Euro- 
pean than Eskimo, can successfully administer their own affairs, is & 
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question that is being keenly disputed in Denmark. We may leave it 
to that country’s decision and contrast the Cunndian Arctic. 

The Eskimo population of Canada has always been much emaller 
than that of Greenland (it numbers today, intluding Labrador, only 
about 6.500); and it is distributed over many times the length of 
coast line, 60 that the settlements are farther sport and more isolated, 
Moreover this const line (even Baffin Island) is an integral part of 
the mainland of America, accessible both by land and by sea. ‘Tho 
highly mineralized pre-Cambrian zone touches it in several places, 
and each year air transport brings the most remote areas into closer 
touch with the centers of civilization farther suuth, ‘Today thé region 
between Great Slave and Great Bear Lakes is experiencing a mining 
boom; next year it may be the hunting grounds of the Eskimo between 
Great Bear Lake and the Arctic Ocean, No administration, therefore, 
could possibly insulate the Canadian Eskimo from the outside world 
wnless it concentrated them into one area, e.g. the northern archipelago 
or the region round the Magnetic Pole; and in that narrow space moat 
of them wonld perish from starvation, go liniited ary the food resonrees, 
Moreover, no one can foresee the future of aviation. Tt is quite possible 
that within the next 20 years wirplanes will be flying on regular sched- 
les between Europe and America over the Canadian Arctic. and that 
the region will be dotted with emergency landing stations. 

Insulation or segregation of the Canndian Eskimo is therefore im- 
possible. They ninst sink or swim in civilization’s tide, with no period 
of tutelage to equip them for the struggle, and with only stich protec- 
fon as an open-door policy will permit. Even their Inngaage will 
disappear before many generations, because their settlement« hare little 
or no contact with one another, but trade almost exclusively with white 
nien who only rarely understand their tongue. ‘To preserve its identity 
and its Janguage in the face of outside pressure a poople requires the 
cohesion given by population mass, and this the Canadian Eskimo 
definitely lack. 

Nevertheless, the temperament of the Fekima is the strongest puar- 
antes of their survival, though not aa a separate people. Whether 
heentse or in spite of their difficult environment, they have developed. 
Urongh the ages » most unusual cheerfulness nnd resourcefulness that 
have already withstood the shock of European impact and will carry 
them through the adjustment period, Their temperament will fneili- 
tate their intermarriage with Europeans and leave its mark on their 
descendants, so that in years to come the American Aretic, no lesa than 
Greenland, will be inhabited by hardy frontiersmen carrying in their 
veins a strain of Eskimo blood, but speaking a European langrunge. 
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Dakar is the only city, in the European (or Occidental) sense, m 
the whale of West Africa. No other center shows the clear-cut areal 
differentiation of functions that characterizes the urbe occidentalia, 
Its urban—in a small way even metropolitan—character cannot. be 
attributed] to its creation by Europeans less than a century ago, 
because this differentiation of functions has evolved only during th 
past three decades, The absence of any significant settlement on or 
tesr its site until the late nineteenth century heightens the paradox 
of its present ranking position among rivals, whether newly founded 
or centuries old. 

The enigma of Dakar promises solution if the city is considered 
in association with its intimate neighbors. Together they form a 
design in historical geography close to the typical for tropical Africa, 
Europeans, upon their advent in the period of the discoveries, traded 
intermittently with indigenous farming and fishing villages of the 
Cape Verde Peninsula, Subsequently they established a stronghold 
on an island close to shore as headquarters for trade and administra- 
tion of affairs. In time « lighterage landing place on the continent 
absorbed the commerce, leaving to the island its political functions. 
Finally, an artificial harbor on the continent proved sovereign over 
both its predecessors and drew to itself all the functions both had 
exercised, adding to them new functions of its own. 

In this course there is nothing to set Dakar apart from several 
other places along the coast, Its preeminence appears natural, how- 
ever, in the light of the shifts in items, yalues, and routes of African 
trade during five centuries, the quality of the unique location amid 
revolutionary changes in the political and technological structure 
of the world, and the variety of the associated sites, which permitted 
fiexible utilization to suit advancing needs. 








1 Reprtited by permission from thn eographicn) Rewlew, rol. 71, Ne, 4, Oetebor 1IM1, pab- 
lished by the American (leographical Soctety of New Tork. 
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esternmost land of Africa 
emerges above the horizon us a group of cliffed islands, flat or gently 
rounded. A nearer view discloses that the highest of these eminences 
ere linked by a somewhat lower platform, behind which low ground 
extends northward and castward. A map (fig. 1) shows this low 
eraund to curve on each side in a wide concave are to the mainland 
of the continent, 40 kilometers away. 

This peninsula is the Cape Verde tambolo, product of emergence 
combined with deposition by waves and currents. The promontory 
talled Cape Verde faces west, and behind it rise the rounded Mamelies, 
the western and higher one to 108 metera. Somo 10 kilometers to 
the southeast is Cape Manuel, a cliif of columnar basalt rising 40 
Ineters out of the sea. Fetween these heights somewhat lower ground 
is capped by altered limestone, which juts out in promontories to 
make « festoon of coves all around the headland. 

The higher cliffs are skirted by talus, and at their base the waves 
break on beaches of large black boulders. Sand, worn from the 
Limestone or brought from the Sahara by marine currents, has softened 
the physiognomy of the coves on the seaward faces of the peninuila 
On the north, strong surf and north winds have heaped beach and 
dune the length of the shore line. On the inner face, the Jong, sundy 
curve of beach that forms the south shore of the tie to the mainland 
gives way to the headlands of the south-trending const. The coves 
between these heads are progressively less sandy, the southernmost 
having » stony beach. Unlike the coves on the Atlantic side, they 
are not silted by the predominant northerly winds and receive inere- 
ments of sand only from the beach to leeward. The tombolo bar is 
4.4 kilometers wide at the narrowest point and 40 at the base. 

Two basalt islands not yet tied to the mainland flank Cape Manuel. 
They are only slightly lower, and they duplicate in miniature the 
physical character of the peninsula, A few low islets sprinkled aif 
Cape Verde are a menace to navigators but are otherwise negligible. 

The basalt islands and Cape Manuel are waterless and barren. 
In the rainy season the limestone plateau is moistened by seepage 
from dunes standing upon it. On the caleareons sands of the tombolo 
mr the uninterrupted beaches convert streamlets into backwaters 
and marshes, and the lines of fixed dunes act as reservoirs feeding 
water into the depressions throughout the year. 

4 few palms fringe the marshes, but elsewhere the native trees 
are baobabs, which dot the peninsula and give it its aften-described 
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distinctive appearance.* Whether or not the landscape appears green 
enough to justify the name “Cape Verde” depends on the time of 
year, Throughout the long dry season, lasting from October until 
June, the pray, silo-shaped trunks of the leafless baobabe, the dusty, 
parched grasses, and the stubble of millet make a drab scene, Doulbt- 
less even this, however, would look refreshing to sailors from Europe, 
dazzled by the hundreds of miles of sand-dune const that borders 
the Sahara. When the rains come, the Cape does turn incontestably 
verdant. ‘The bacbabs leaf out, the marshes fill and put forth new 

growth, and the plains puch up a stand of millet that grows 6 feet 
tall in its brief life. | 

All this verdure is the product of downpours between mid-June 
und late October (table 1). ‘The peninsula lies in the belt of semiarid 


9Qinvde Faure, Histoire de la Preequ'ila du Cap Vert at dns ottgines ile Duksr, f. 1%. 
Paris, 1014, quotes eome of the deseriptiona. 





ae) eee Ame Off a nee ao Fond \- | 





climate between the arid Sahara and the Sudan, where rainy and dry 
seasons are of about equal length, As in all other semiarid regions, 
its rainfall ts unreliable, The heaviest cloudbursts are brought by 
the rather infrequent “tornadoes.” These may occur at any time 
during the rainy season but are likeliest at the beginning. Dense 
clouds pile up swiftly from the east, sky and sea turn black, and a 
violent thundersquall ensues. Within half an hour the wind turns 
west and the storm is over, but rarely without damage to trees and 
habitations? 








Tam, L—Rainfall in Dakar, average for 1905-1933" 
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The ordinary rains are brought by monsoon winds from the west 
curing the period of maximum insolation in the northern half of the 
African continent. Throughout the season the air is steamy and the 
horizon white with water vapor, For a month or so after the rains 
the sky is cloudy during a considerable part of the daytime, and the 
humidity remains high. | 

The dry season is marked by light northerly winds that prevail 
to an altitude of about # thousand meters, Since they pass over 
the ocean to reach the peninsula, they bring rather high humility. 
Occasionally the dusty harmattan blows out of the east, reducing 
relative humidity and raising the temperature. It seems to persist 
above the northerly winds during most of the dry season and perhaps 
accounts for the whitish blue of the sky. ‘Ihe uppermost air currents 
move from south to north during the dry months, at wbout 40 kilo- 
meters an hour.’ The stability of the winds favors aviation. Except 
for torna‘loes, the movement of air at ground Jevel is a breeze rather 
thin a wind, 

The annual range of temperature is rarely greater than 6° C,, 
the diurnal variation is commonly 5° (23° to 28° are typical readings). 
Ti gels hot as soon as the sun is fairly up and stays hot until near 








"On the tedhanivm of the aterm see Henry Hobert, Sur tes grains orageut dane 
TAfriguve de Ouest, Compt Rend, Acad, Ret, [Paris], vol, 205, pp déd—i00, 1057 7 aloo Lee 
Masten Galz de Ouest Africain, Ann Phys. Globe France d'OutreMer, vol. §, pp. 23-04, 
1055 (moted In Geogr, Ker. rol. 20, pp. h4—155, 1939), . 

*M. Borolesu, Note wur ins courants adtlenes A Dakar, in Etudes météorlagiqued amr 
VAtrigie Occidentale Frangaise, Pubix. Com, frodes lst. et Sel, Afrique Occidentale 
Frangaim, Bor, Bt, So, 3, pp. 3-40, 1987. 
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sunset. In the shade sensible temperature is much lower, except 
during the rainy season. Then the mghts also are stuffy, but for 
§ months they are pleasant. 


In this rather unpropitious environment a small African popula- 
tion hus been sparsely scattered over the peninsula for untold genera- 
tions, Presumably the prehistoric inhabitants gained ther meager 
living as did their descendants described by early European travelers— 
from fishing, supplemented by such cultivation as the short wet 
season made possible.* Diggings show that water supply determined 
their distribution. The springs at Hann and Rufisque seem to have 
attracted the densest populations. There water seeps from sand 
dunes; elsewhere wells niust be dug. The Hann site had the further 
advantage ofa surf-free landing for fishing skills, 

When Europeans undertook settlement in the viemity, they found 
numerous hamlets fringing the coast and a smaller number on interior 
cites ‘at the base of lines of dunes. The people were tall, velvet-black 
Negroes, a branch of the Wolof. Most of the coustal settlements 
seem to have nsed brackish water from marshy backwaters, though 
some had shallow pits in dunesides. Those cut off by cand or marsh 
from arable land exchanged their fish for millet raised in interior 
villages. Oil and wine came from the palms that straggled along the 
backwaters. The brush and fallen trees furnished firewood, Wattle, 
busketwork, and thatch were building materials for huts and grat- 
aries, All these items except fish were getting scarce by the beginning 
of the nineteenth century. Millet, planted on one-third of the land, 
wus reported to have been insufficient to support the inhnbitants, 
numbering 10 to 12 thousand. 

Today all the villages are modified by the presence of the French- 
African city of Dakar. Several have been engulfed in the metropolis, 
to which one, in vanishing, gave its name, Perhaps the fishing 
villages on the north coast remain much as they were beforo the 
Europeans came. 

N’Gor is typical of these hamlets of native huts and granaries, It 
stands on the crest of the continuous line of dunes that have piled 
ip to a height of 8 or 10 meters above the wide white beach (pl 1, 
upper left), Among the houses ure tiny gardens of squashes and 
beans, partly protected from drifting sand by mats held upright be- 
tween stakes (pl. 1, lower left). Fresh water is drawn from wells 3 
to J meters deep, dug in the front slope of the dunes and walled with 
eS Pierre Laturgan at) Bagwond Maw y, Cogtribution & ta prétilatotre da Cape Vert 
(Beotga)), Ball. Com, totes Hist, or. Sel. Afriqge Occidentale Preccales, wil 2), pp. 822= 
wiry cian qudted by Faure, op. cit. p. 4. In view of the ettent of marsh aml other 
wasteland, the crop area wae probably ancaller: but ao woe the poplation. The patio Biren 
may be cottect. 
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stones ferried from the offshore islet. The island gives « alight pro- 
tection from the surf, and behind it the native boats are launched and 
uniform coast. When not in use, the skiffs are perched on animal 
skulls to prevent burial by drifting sand. On the beach a commodivus 
shelter shades the somnolent fishermen during the beat of the day, 
while in the village above them the wonten are vigorously threshing 
and grinding millet and winnowing beans (pl. 1, upper right). This 
community has some poor millet felds behind the dunes, but it must 
supplement its supply by exchanging some of its fish. 

A different type of village is Ouakam, among baobabs near the 
Mamelles. There an expanse of low fixed dunes moistens the most 
extensive arable land west of Sangalkam, Millet, squashes, beans, 
ani a little tree cotton surround the village and yield an agricultural 
surplus to exchunge for fish, | 


THE EARLY BULOPEAN OOCUPANCE 





With the coming of Europeans, the Cape Verde Puninsula ceased 
to be merely a sandy offshoot of the African continent and became 
also the westernmost extension of the cousting route between Europe 
and Ewst and South Asia. Wor mariners it marked also the southern 
terminus of the waterless Sahara coast. The first recorded voyage 
reported a stop for fresh water at the outlet of seepage from a long 
line of fixed dunes. ‘This piace the Portuguese later christened dio 
Freseo (Rufisque) and made ita regular port of call. Food supplies 
were scarce on the peninsula, ond anchorages were subject to siorms. 
Hence for 500 years this neighborhood failed to gain decisive hegenwtly 
over its rivals. 

Cape Verde stunds inidway between the two obvious, natare-made 
avenues for penetrating the Sudan. To the south the Gambin River 
opens a broad estuary easily entered at all seasons by ships of moder- 
ate draft. ‘This was early occupied by the English, and for political 
reasons has remained little used as a means of access to the hinterland. 
To the north a lagoon at the mouth of the Senegal River makes u 
safe harbor; but during the long dry season the shrunken stream can 
maintain barely enough water for small sailing craft over the bar 
built across its mouth by a south-setting current. In spite of this 
hundicap, the protected anchorage, an easily defondod townsite, and 
access to the interior by river boat at all seasons made Saint-Louis, the 
river-mouth port founded by the French, « rival of the Cape Verde 
district until a generation ago, 

Between the Senegal River and Cape Verde the coast is useless 
for a European port, because of shallow sea, dunes, and heavy surf. 


Between Cape Verde and the Gambia Biver (the so-called Petite 
Cote) six points have been used for - ? tntic 

another, Of the southern three, 
of peveral called locally “the Souther 

a modest exporting point. The rthern three are on or close to the 
Cape Verde Peninsula and together constitute the Cape Verde Settle- 
wents, geograplically an inseparable trio, 

Rufisque was the first site to attract attention, and its career has 
ineluded brief periods of prosperity from the mid-fifteenth century: 
to the 1920’s. Well supplied with fresh water, it lies in the curve of 
the tombolo bar and thus is sheltered from the northerly winds that 
prevail during much of the year, though it is exposed to the stormier 
winds of the rainy season, ‘The water is shallow, only 8 fathoms at 
700 meters from shore, All goods must be lightered and, even though 
long piers reach beyond the surf, cargoes ure frequently damaged bry 
salt water, Both the port and the town are now moribund. 









Under the lee of the cliffed hook of the peningula a considerable 
body of water is free from the surf that beats ineessantly on the rest 
of the coast, The high headlands enclose roads im which the walter 
is generally quiet, and their steep slopes are associated with deep 
water fairly close inshore. These advantages disappear with the 
onset of the southeaster tornadoes and are diminished throughout the 
rainy season. Then the west side of the island of Gorée offers the 
least unsafe anchorage. In ordinary times the tiny cove, which faces 
northeast, offers the same shelter a8 the adjacent peninsular shore and 
it is easy to sail out of when a tornado impends. 

Other advantages of the island are not obvious, It is only 550 
meters long and 300 meters wide in the widest part. A quarter of its 
16 hectares is a bare, basalt mesa, 00 meters high. The remainier 
is a platform a few meters above sea level, leading gently up from the 
cove to the base of the chif (fig. 2). It has no source of water except 
rain, no wood for building or fuel, no sand for masonry, and no arable 
soil. 

The Portuguese, firstcomers, having ® choice of ground, made the 
Cape Verde Islands their headquarters in this region and paid little 
attention to the Petite Céte, The Dutch were the first to oceupy 
Gorée, and half a century elapsed before they took Rufisque and its 
neighbors. Their selection of a confined, waterless island for their 
principal settlement w#s sound, as is proved by the fact that under 
subsequent French (and occasionally British) occupation Gorse: re- 
mained dominant along the Petite Cote for four centuries and nt times 
rivaled Saint-Louis as the leading European post between Gibraltar 
and Sierra Leone. 

pata. ie —43—— 29 
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This paradox is explained by the nature of the chief business of 
West Africa during most of this period. Gorée was, nearly all the 
time, the most important point in Senegal for the Negro slave trade’ 
For this traffic the island had notable advantages. Habitual forays 
engendered unceasing warfare between the raiding coastal tribes and 
their victims of the interior. The European trading companies, i 
spite of superior weapons, hud relatively slight military strength and 
therefore prized an offshore location. Gorée harbor lies #235 kilo- 





Jove 2—Gorde in 1932, Condition of buildings noted by Sergeant Codtel: ex- 
lating structures, aolld: ralnocd structures, barre); «ites of formu structures, 
outiined. Ker to principal buildings: 1, fort; 2, barracks ; 3. chorch;4, hospital; 
S, boys: school; & normal school ; 7, AOP printery 8, town ball: 9, west batter: 
10, north batters; 11, reservulr, (Heuced from map in Gorée, capital déchne, 
by Robert Gaffior } 

meters off Dakar Point, close enough for canoes loaded with slaves to 

be brought out conveniently tider surveillance by batteries flanking 

the cove. The shark-infested waters denied escape to imprisoned 

Negroes. The flat-topped cliff lent itself to fortification aguinst trade 

rivals from Enrope sailing under enemy flags. ‘Transfer of slaves 

and the small yolume of minor exports and importe between continent 
and islind entailed only a somewhat longer lighterage than at any 
other ports of the Petite Cate. 

The relations of island to continent were but alightly affected by 
successive. changes in political affilintion, because Gorée and the Petite 
Céte always went together, That the Cape Verde area was an impor- 
tant element in the new world pattern being Iaid out as a result of 
the discoveries and the creation of colonial enipires is indicated by 
repeated change of hands. 

More important for the fortunes of the island was ite rivalry for 
the seat of French colonial administration in Senegal. At times it 
was supreme, Generally it. administered the Petite Céte and the 
Southern Rivers. Occasionally it was sybject to Saint-Louis. 


"Holert Galmot, Gore, capitale déciine. Paris, 1938 
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The town was built to | date trade and administration, 
and its structures express their functions, All the huildings wre con- 
structed of masonry, and most of them are made of rough stones or 
rubble concealed by smooth stucco. All the larger ones have capacious 
cisterns in the basement, to catch and store the run-off from the roof. 
The most conspicuous structures were designed for administration, 
A fort looms on the mesa, and batteries flank the lower ground. There 
ure also barracks, hospital, church, and buildings for local and colony 
administration, The rest of the buildings with any pretension were 
planned to meet the peculiar needs of the slave trade, The ground 
floor is divided into cells where the captives were locked awaiting 
deportation, On the floor above are the offices of the trading firm 
and living quarters for the personnel. From a number of houses 
halconies overlook the street. Supplementary quarters for the house- 
hold are on the third story when there is one. All rooms are ranged 
about a patio, in which « tree or two may be growing, 

In the heyday of the place all available space was utilized, The 
solid blocks of buildings interfered with the breezes that swept across 
the island from the surrounding sea, The streets, narrow lanes though 
they are, were reported as “furnaces between ten o'clock and five.”* 
During the last half century, as the population decreased, buildings. 
were abanduned, Today at least half of the lund formerly occupied 
by buildings and patios either is open or stands us unrooted yards 
snrrounded by ruined walls. This has opened the town to currents 
of air, which mitigate the heat. The razing of dilapidated buildings 
has been enforced, especially after epidemics, because the tight-packed 
Lown with its numerous cisterns hes always been a potential center of 
infection. 

More than once the littl white colony has moved temporarily 
to the peninsula when epidemics have broken out. The first siege of 
yellow fever occurred about 1779. It so demoralized the community 
that the forts were demolished, the survivors went to French Guiana, 
and the governor removed to Saint-Louis’ In addition to soldiers 
manning the fort, only 200 persons inhabit the island now, and a high 
percentage of them are aged, The estimate for peak populution is 
6,000, a figure for which no date ts given but which presumably refers 
to the 1880’s. ‘Three-fourths to four-fifths of them were captives. — 

Today Gorée is o sleepy, ruined settlement, 40 minutes from Dakar 
by the launch that makes three or four trips daily, The printery for 
the colonial government is housed m the building used in prosperous 
days by the governors, A normal school ond oa boys’ echool attract 
daily a little spate of pupils from Dakar. The small church is too 


* Attend Marche, Trois voyages dans Afrique Occidentale, pt. Marts, th7To, 
*Gaffot, op, dt, pp. TH TH 
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to France. Six tried again, on what they hoped was more favorable 
terrain at Bel Air, but they died of fever.™ 


MODERN EUROPEAN OCCUPANCE 
THE ESTARLIZHMENT OF DARA 


At the heginning of 1857 letter from the colonial ininister author- 
ized the Chief of the Naval Division at Gorée to set up a military 
post at Dakar and to build a commercial city there.” The French 
authorities landed n force of marines and took formul PrOssessi0ll Of 
the feast of Ramadan. Fach local hendman was given 4 French flag 
to fly over his hut, thus to identify the occupation with the current 
atmosphere of rejaicing. All payments for water, wood, and building 
materiale were thenceforth abrogated, | 

A fort was built on Dakar Point. Soveral inhabitants of Gorée 
moved there to build houses under its protection and to cultivate 
small gardens, The Messagerics Maritimes (then Meseageries Im- 
périales) agreed with the French Government to have its ships stop on 
& monthly service between Bordeaux and Rio de Janeiro, the Cape 
being about halfway, The next year the company bought Innd under 
the point for » coul park and demanded that the rovernment construct 
a breakwater, necessary during the rainy sesson to complete the pro- 
tection afforded by the cove. A curate took up residence, The barracks 
were manned by a detachment of troops under sentence for infractions 
of discipline, Besides overawing the indigenes, these soldier-prisoners 
maintained a garden and orchard at Hann, A street plan for the 
prospective city was adopted. 

For a quarter of » century after these beginnings Dakar made tittle 
progress. In the 1970's Gorée felts new wave of prosperity. after na 
leeline that had resulted from the abolition of its slave trade. Its 
population timbered more than 3,000. The headquarters of the com- 
thereial houses remained there, and the island continued to administer 
the Petite Cote. Dakar, in contrast, had only a dozen or fifteen small 
merchants, whose principal business was that of dramshops. The few 
Europeans and « somewhat larger number of Europeanized Africans: 
lived in nondescript dwellings, generally of wood, scattered among 
the huts and compounds of the aboriginal villagers, 

Whatever commercial business migrated to the peninsula settled 
at Rufiique. A decade before the founding of Dakar the first peanuts 
had been raised behind Rufisque in calcareous sand moistened from n 
line of dunes. The crop proved admirably suited to the soil and 
- Bane wn fk BP. SL: (eMot, an, elt, op. TAt-15S. Arcomnte din not fgrec, eren a8 to 
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climate. Beginning with TO tons exported to France m 1849, Rafisque 
cent $000 in 1853, For seven decades the name of the port remained 
synonymous with Senegal peanuts, trade in which reploced traffic 
in Negroes as the leading export of the colony. To handle the busi= 
ness, large warleouses were built, and in time five piers extended 
through the surf. A gridiron pattern of ennd-drifted streets, Inid out 
earlier, was extended and in considerable part built up. Counting- 

houses of cut stone and residences of masonry with balconies occupy the 
center, Beyond are cabins of Africans, sedi built of wood. 

As the peanut-growing area pushed inland, Rufisque had to share 
its exporting business with towns on the Southern Rivers. Dakar, 
95 kilometers farther from the fields along » track heavy with eand,. 
got none of it. The locational advantage of Rufisque seemed to be 
so tinassnilahle by ecantmic weapons that the founder of Dakar pro- 
posed to suppress its trade by governmental purchase of the ware- 
houses and removal to the new town. When, years later, Dakar 
began to export peanuts and, after another interval, outstripped ite 
rival, the change resnlted from improvements in transportation. To- 
day most of the Rufisque warehouses stand empty, its piers are breaking 
up, and the trading firms have yoluntarily abandoned their offices 
for new ones in Dakar. 

Thiring its first stage of occupance as a Enropean station, Dakar 
had little to do with ite remote and inaccessible hinterland. Rather. 
its life hinged on the location of the peninsula and the chnracter of 
the anchorage with reference to vessels passing along the West African 

Any of the coves in the lee of the peninsula required a breakwater 
to be a safe anchorage during the rainy season, Gerée harbor was 
strongly supported by vested interests in the town; but small size 
and the limitations of the island were no longer offset by personal 
security, when once the whole of Senegal hod been made safe hy 
French arms." Bernard Cove had % fathoms of water only 200 meters 
offshore, but the breakwater would have to be built into water 6 
fathoms deep. The high land gave complete shelter against west 
and north winds, but the steep ahore left no low ground for a townsite 
(pl. 4, upper left). Dakar Cove had ineffective protection from the 
vorthenst, but a breakwater in shallow water would deflect waves 
kicked up by east and south winds. The relatively low shore was 
suitable for a port, The tide range in the entire Bight of Gorée is less 
than 1 meter und therefore presented no problem. 

Dakar was selected, and the government undertook to run a break- 
water from the conl park of the Messngeries Maritimes, using the 
soldier-prisoners and unskilled enlisted Africans. More than 200 


M For the pacification see General Faidberbe, Le Sénégal. Parla, 1889, 















white men were enrolled, but illness reduced the average number at 
work to about a hundred, When 300 meters long, the pier reached 
water only 6-6 meters deep. Coaling still had to be done by lighter, 
and the Me=ageries Maritimes continued to use St. Vincent, Cape 
Verdo Islands, as its port of call. A second jetty, running north- 
northeast from the extremity of Dakar Point, reached a depth of 10 
meters at 430 meters and withstood the storms of the rainy season of 
1866. The port of call was then transferred to Dakar, and the shipping 
company built « house near its quay for ifs representative, who was 
expected to put up official and other distinguished travelers during 
the 24 hours their boat remained in port for coaling., Although shelter 
from ‘the northeast was atill inadequate, the harbor received little 
further alteration for another generation. 

By the time the jetty was finizhed, the Cape had been supplied with 
suiteble lights, and shipwrecks decreased. A lighthouse to mark the 
Cape was built on the western, higher Mamelle, supplemented by a 
beacon on the outermost of the reeflike islands off Almadies Point, 

The official town plan was dictated by considerntions of health and 
commerce,” The site was studded with low dunes, from which o small 
amount of potable water could be obtained; cisterns were also used. 
A cemetery (much in demand on this unhealthful coast) waa begun 
well away from the habitations, The gridiron pattern usual in 
French colonial foundations was adopted, with orientation to compass 
directions, to take wlvantage of the alternately north and south preva- 
lent breezes, Its south edge was a street made broad for sanitary 
reasons, punctuated midway by a plaza intended for the church. Land 
facing the plaza was reserved for administration buildings. Be- 
youd the wide street stood the military quarters, an extension of the 
battery on Dakar Point, (Fig, 3.) 

The water front made a shallow S, Behind it the ground rose 
irregularly to a plain. A belt 81 meters wide along the shore, on 
which no new construction was permitted, wus reserved for public 
use, Conveniently central to the civil and military establishments 
and to the port was the market place. 

With the change of a few street names, this Inyout has bocome the 
core of the Inter city, At first population grew slowly, Superiority 
of the port to that of bar-choked Saint-Louis led « private company 
to build a railroad connecting the two, opened in 1885, Its terminus 
was on the harbor side, at the north hase of the high ground where the 
early town stood, It stirred the stagnant town to its first real anima- 
tion, Gur arabic and other light produce of the Senegal River ares 
came in to take advantage of the regular sailings. A few peanuts. 


r Piuet-Laprade (founder of ‘the city and originator of the plan) ta the Governor of 
Bokugal, Ave. 24, 1850, Quoted in Faure, op. cit, pp 146 ff. 














came in past Rufisque, but high freight rates and paucity of wharfage 
jeft the older port well in the lead, 





‘The second stage of European occupance was initiated by stirring 
events at about the turn of the century, Senegal then became the 
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Fisven $—Skeleton structure of the Dakar settlement showing relief (lu 
metera), Key: 1, principal streets and roads; 2 ares comprised in the plan of 
1882. Scnle approximately 1: 46,000. Based in part on the Plin de Dakar ot 
ear irons,. 1: 10,000, Waprés photo-aérienne Service Géographique de PA. ©, 
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base for active expansion of the French empire in West Africa, ‘The 
several constal colonies were comentex] along their inland boarders by 
newly conquered territory. Plans were made to amalgamute old 
holdings und new as l'Afrique Occidentale Francaise (AOF), Sene- 
Gal was the easiest nexus between the outside world and much of the 
territory acquired wt that time. Saint-Louis, traditional cupitul of 


Senegal, was designated as the seat of the new supergovernment, In 
addition to administering both Senegal and Mauritania as eubcolonies. 

Dakar- continued to make inroads on the business of Saint-Louis, 
and after a few years the government of the AOP was transferred to 
the rising town. Pending the construction of necessary buildings, the 
administration was housed at Gorée and gave the i#land a brief ufter- 
vlow of authority. | 

As at ite inception 40 years earher, the expansion of Dakar was 
planned with health and commerce as ruling considerations. (Fig. 4) 

The capacity of the harbor was greatly enlarged between 1898 and 
1912. ‘The jetty was prolonged to a total length of 530 meters. 
Theneeforth it was called the South Jetty, to distinguish it from the 
new North Jetty, a breakwater projected at right angles to the cosat 
near the base of Bel Air Point, though not until years later connected 
with the land, It reached a point 2,080 meters from shore. Between 
the two jetties an easily navigated opening wes left, 250 meters wide. 
The water thus enclosed covers 225 hectares. 

The sinuous water front was straightened with dredgings thes 
harbor, making a broad, level space for railroad tracks and roals bo 
serve the port and for warehouses and other port buildings. ‘The north 
half of the new frontage was reserved for a naval arsenal, with o dry 
dock to handle ships of 10,000 tons and o base for submarines nnd 
destroyers. The south half was improved to accommodute the grow- 
ing trade by two moles 300 meters long and @ third as broad, oriented 
in the direction of the prevalent winds and equipped with warehouses. 
These, with the intervening quays alongshore, total 2.200 meters of 
wharfside (pl. 2, lower left). Running water was made availably for 
ships, but coaling continued to be done by long lines of male and 
female porters, becatise of the cheapness of their labor, 

The need for providing water for ships was only part of a more 
‘usistent demand for sanitation of the whole city. In favored places 
north of the town, dunes were systematically honeycombed with 
channels, through which water collected in sumps. Thence it was 
pumped to a reservoir in town and distributed at hydrants in the 

Other sanitary measures begun at this time were calculated to re- 
duce the menace of mosquitoes. Ravines in the town were fillwd. 
Marshes and backwaters for 20 kilometers out were drained by cutting 
channels through the sand bars that separated them from the sea. 
Brush was cut to eliminate breeding places, and plantings of eucalyptus 
and filwes on low places were made over the whole headland, to lower 
the water table, Harbor improvements and the installation of the 
government of the AOF were sure to bring increased population, In 
anticipation, the original plat of the city was quintupled by new 
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layouts to the south and west.’ In these sections the gridiron wie 
thandoned for 4 freer pattern, ehot through with dingonal avenues, 
making “stars” and “round points” in the manner of Paris. Same 
of the new muin streets had been country roads, Others included a 
broad avenne leading from the original plaza to and beyond the 
governors mansion, an imposing edifice-of this period standing in o 
park on the breezy bluff above Bernard Cove (pl. 3, upper left), 
for some years the thatched huts of the indigenes, close-clustered in 
asymmetrical African fashion, continued to mingle conspicuously with 
the regular blocks of masonry houses put up by the government for 
ite officials or by the trading and shipping companies for their ad- 
ministrators and with the less pretentious frame hubitations of 
lumbler white people. In places the commingling «till exists. 

During thie time most of the remaining Gorée merchants moved 
to Dakar. In the Gret decade of the new century port. business 
increased threefold. External connections improved. Additional 
shipping companies made the place a port of call. A cable to France 
was laid, A direct railroad line to connect with the upper Niger 
River was bepun. 

DARAR COME OF AGE 

The first World War put a stop to government expeditures on 
Dakar and checked nearly all development, Afterwards a new tage 
of occupance was inaugurated by a long series of public works ne- 
companied by extensive private undertakings. 


WATER SUFPLY AND OTHEN SANITATION 


In all tropical African stations the snfeguarding of health is the 
most important and difficult obligation of the European government: 
In semiarid and ever-growing Dakar shortage of water has continu- 
ously complicated the problems of sanitation and health. In the 
hope of finding an assured supply a thorough hydrographic survey 
of the peninsula was made. No deep-seated sources were discovered. 
Instead, the dune-tapping system was extended. At Hann, on whicli 
Gorée had always depended for its supplementary supply, more 
water was found at a depth of 80 meters. An even more copious 
store was disclosed behind the village, along « line of rather high 
fixed dunes, on one of which stands Fort B. These dune sponges are 
about 6 kilometers from Dakar. Twenty kilometers out, at M'Bad, 
«similar site has been developed and tied into the system, Additional 
supplies exist in the dunes that run from Rufisque northesst to 
Sangalkam, These are used only to serve Rufisque, Neolithic man, 
African indigenes, pessing European ships, and the European gettle- 
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ments of the district—all have been dependent on the dunes for 
their water. 

Water from the city supply is available for irrigating market 
gardens at M'Bao, Ounkam, and the outskirts of Dakar. These 
settlements and Tisroye are served by hydrants in the streets. In 
Dakar itself water may also be lnid on in buildings. The port is 
supplied through a separate pressure line, with a reservoir holding 
4600 enbic meters, a 5-day supply. In the high part of the city 
are ix reservoirs for city and suburbs, with a capacity of 7,400 cubic 
meters, a 2-day supply.” 

Potable water istoo precious to use for fire hydrants or for flushing 
ctreeta and sewers, ‘These. services are provided by water pumped 
from Bernard Cove into a reservoir holding 3,000 eubic meters (fig. 
3), Regular flushing of the streets sweeps out the larvae of mosquitoes 
along with dirt and so renders a twofold health service. 

The sewer system is integral with the water system. Tt includes 
special collectors for storm waters. Public latrines are distributed 
throughout the municipality, and at least. four public shower baths 
are available, ‘The African population take full advantage of oppor- 
tunities to bathe and to wash their garments, whether in. buildings 
provided for the purpose or at street hydrants or in the harbor or 
other calm waters, Ag elsewhere in tropical Africa, the indigenes 
need no coercion to bathe, Garbage and other waste is collected twice 
a day and burned in a city incinerator, 

Ag in-every other tropical African center, there are separate hios- 
pitals for Europeans and Africans. Specialization has extended to 
include hospitals for the military and civilians, a maternity hospital 
for Africans, and, far out on Cape Manuel, a leprosery. Namerots 
clinies are distributed over the city and suburbs. The medical service 
is capped by a school of medicine 








SEQETOATION AND FP 


All these sanitary measures would have been less effective if steps had 
not already been taken to segregate the European inhabitants from the 
African, Much of the increase in population has been ‘freshly re- 
eruited from the bush. ‘These indigenes, and even a good many who 
have been long exposed to European canitary practices, live without 
regard for standards necessary in urban agglomerations. Thereby 
they menace the health of their neighbors, particularly Europeans, who 
are less immune to tropical diseases than Africans. In the commingled 
community of Dakar occasional epidemics of yellow fever have taken 
heavy toll of both races.” Less spectacular but more serious have been 


* (leorges Péter, Leflort francais au Sénégal, pp M2133. Paris, 1954. 
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the ever-present scourges of malarin and dysentery, which strike out- 
lunders down, often with fatal results, while touching indigenes ne 
hardly more than uncomfortable ailments. In 1914 bubonic plague 
waa added to the considerable list of infections disenses of local oe sare 
Although it attacked Africans almost exclusively, their careess atti- 
tate toward sanitation made eradication diffoult, 

To eliminate African compounds within the European city, an Afri- 
ean suburb, Médina, was laid out in rigid gridiron pattern, with blocks 
emaller and streeta wider than those of the early plat of Dakar. It is 
separated from the older town by an unbuilt reserved clear belt 900 
meters wire, as well as by a racecourse and a stadium. Africans resi- 
dent in Dakar have been encouriged to move to Médina by gift of land 
and aid in financing housebuilding. The place has grown fast, 'To- 
dluy it contains more than half the total population of Dakar. Muet 
of the habitations are thatched lite, a good many are wooden cabins 
with tile roofs, and « few are of miuisonry. 

Some 20,000 Africans still live in Dakar proper. In the northwest 
quadrant Africans occupy nearly all the land, and many are inter- 
spersed among Europeans in the older sections (fiz. 4). Their houses 
iisy be made of wattle, boards, mata, flattened guscline tins, adobe, 
frame, and even. masonry. Many are tilecroofed. In size they range 
from huts to commodious houses (pl. 2, upper right). 

The strictly European residential quarters on the high cround are 
spmicious and airy. There the higher bureaucracy, some of the foreign 
consuls, and many leading executives of business firms live in villas 
hung with bougainvillaes and set in tree-shaded frounds, The houses 
are agreeably adapted to the climate, being shallow, with wide win- 
dows opening on verandas or terraces shaded hy overhanging roofs 
Most of them have been built by the government or company whose 
representatives occupy them. This lies been necessary to house a com- 
tounity who may make Dakar their residence for few or many years 
but who invariably spend long leaves in France at frequent intervals. 

Dakar, with its suburbs, forms a unit of 158 square kilometers, in 
which the population density is some 350 to a square kilometer. It 
is the largest native city in the area, thanks to opportunities for work 
of all kinda, At the same time the ratio of Europeans to Africans 

4s high, 15 to 100, as compared with a tenth as many in Saint-Louis, o. 
niore nearly typical coast city. Half the Europeans in the AOF— 
Some §,500—reside in Dakar. The percentage of women and children 
is far higher than in any other place in West Africa. ‘The African 
population is likewise exceptional in being made up of people from all! 
over Senegal, and indeed the entire AOF. Contrasting physical 
types, accentuated by a wide range of dress, make the streets a color- 
ful pageant in the animated hours of early morning and late afternoon. 
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Tastz 2—Popalation growths of Dekar* 
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The outer garment of the men is a voluminous robe with low neck 
and short sleeves, in white, blue, or vellow, or, occasionally, brown, 
black, or mixed colors. For manual labor this is doffed, exposing o 
knee-length, sleeveless union suit. The headdress may be a red or 
black fez, » knit toque, a cone of straw, or a tropical helmet im imi- 
tation of the Europeans. An amulet is always hung sround the 
neck, and armiets are common ornaments, The women wear a long, 
full-skirted dress. All who can afford it have gold earrings, and 
many braid gold coins into their tiny pigtails. The whole elaborate 
coifure is capped with a bright turban. 


AREAL DIFFERESTIATION OF FOUSCTIONS 


Area! segregation of races is common in West Africa. Separa- 
tion of functions is rare and nowhere, except in Dakar, more than 
incipient. 

Because the city came inte existence to serve French colonial 
interests, much Jind was taken at the outset for administration, 
defense, and other public services. For these services are reserved 
nearly the whole harbor front, the remainder of the coast line with 
two exceptions, the surroundings of the plaza, a central area in 
Médina, and more than a dozen scattered sites. Defense occupies 
Points Dakar and Bel Air, most of Cape Manuel, an area of high 
ground overlooking the open ocean, and range for target practice 
along the shore northwest of Médina. Hospitals overlook much 
of Bernard Cove, The government of the AOF clusters principally 
about the governor's mansion, Local government buildings are 
at the plaza (pl. 8, lower) or on the original water-front terrace 
(pl. 3, upper right), except the residency in the center of Médina, 

Public services les: official than defense and administration are 
more scattered. Lower schools are dotted about; the high school 
(lycée) is on the west side of town. Where the new residential 
quarter for Europeans is pushing into the nondescript African 
purlieus, a huge eathedral has been completed recently in a style 
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reminiscent of both Byzantine and Moorish architecture (pl. 2, lower 
right), The mosques are small and are placed unostentatiousty in 
back streets (most of the small spots symbolized as “services"). 
There are perhaps 10 to 12 thousand Catholics, including a thouzand| 
be : i 


The public markets handle all the perishable foodstuffs. For 
Europeans a market house has been erected on the site of the original 
market place in the old town (pl. 4, upper left), AL but one or 
two of the vendors are Africans. Many shoppers are African 
servants, who mingle with European women making their own 
selection in thrifty French tradition. The other covered market. 
& huge, two-level building at the nexus of Syrian and African 
business districts, is entirely African, The lower floor is unfur- 
nished, and the market women heap their wares in little piles an the 
floor or in calabashes, or overflow into surrounding streets. There 
are also two large, open-air markets in Médina: Scattered trees 
or awnings shade the vendors, at least during the moister half 
of the yenr (pl. 4, lower left), 

All the markets carry the same range of gooda, Vegetnbles came 
from the gardens and nearby village patches, They are abundant 
and varied during and after the rainy season but dwindle as the 
sandy plains become desiccated, Fruits are lees common, To local 
mangoes and papityas are added imports—bananas from French 
colonies farther south, oranges from Brazil, apples from Argen- 
tins. Local fish appear, lightly smoked or sun-dried, and molude 
herring, sardines, and achovies, and also several tropical species, 
Meat comes down froin the interior and is killed in the local absat- 
toir for immediate sale, refrigeration being uncommon. The 
covered markets close about noon, but the others do business all day. 

Where private holding makes the use of land competitive, differen - 
timtion of functions has largely supplanted the original conglom- 
eration. Vestiges of the older order, particularly on back streets, 
emphasize the change toward the pattern of Occidental, middle- 
latitude cities and away from the traditional town of the low-latitode 
African coast" 

‘The commercial core is an areal unit but is sharply divided into 
European, Syrian, and African sections, The earliest business streets 
led up from the passenger wharf to the 15-meter level an which the 
town started. These are now devoted to shipping offices, banks, and 
eurio shops, They tie into the wide avenue that marks the south 
edge of the original planned town and Jeads to the central plaza. 
This avenue and the Inter and still broader one that leads from the 


* Fer « deectiption of the earlie stage of undifferentiated oecuparcs eee J. Roork, Ear 
“Chertené.” Paris, 1935, 
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plaza up to the governor's mansion have become the principtl shopping 
thoroughfares, Between the old town and the plaze are bookstores, 
o music store, a pastry shop, a grocery, and several barbers, but 
large wine stores dominate. Between the plaza and the “plateau” 
ure shops for women’s wear, shoes, novelties, stationery, and relrig- 
erators, besides pharmacies, photographic studios, and a cinema, 
Beshies these, large etores carry varied merchandise. In kind, their 
inventory is much like that of traditional Afriean comptoirs; but in 
character they are European department stores, with show windows, 
well-defined sections for different articles, and emphasis on quality 
and fashion, Many shops are branches of French Others are 
of local origin—another evidence of commercial progressiveness. 
These streets catering to the carriage trade are somewhat som- 
nolant, particularly during tlie-sunny hours from 10 until 4, thongh 
the shops close for only a 2- or 3-hour siesta. In sharp contrast is the 
extension of the older main street boyond the plaza, where it changes 
both its name and its character. The little, open-front shops of this 
section are owned and operated mainly by Syrinns and North Africans, 
They cater to the indigenes, who enliven the street with their billowing: 
costumes and incessant movement and chatter. “Cloths” and other 
“Manchester goods” sold in every West African town constitute the 
bulk of the stock: and nearly every place of business carries a little 
of everything, including staple groceries and dried codfish. Some 
differentintion appears in the separate wineshops (successors to the 
dramehops of old Dakar) and in stress here and there on French 
novelties. The shopkeepers live on the premises, a custom formerly | 
universal in Dakar but becoming uncommon among European mer- 
chants. Half a dozen blocks along this street is the corner of the 
original town plat, now the principal truffie focus of the city and site 
of the principal market honse. Beyond, shops run by Africans extend 
through an African quarter toward Médina. Most of these are dry- 
goods stores, where men busily sew the dresses worn by both sexes. 
Market gardens are cultivated on reclaimed constal marshes or on 
sand dunes where the soil is moist, and some are irrigated. They are 
worked by men clad in breechclouts, Most of the fresh produce finds 











its way to Furopean dining rooms, ‘The Africans are consuming more | 
and more imported food, chiefly rice from the middle Niger Basin and | 
Indochina and dried fish taken by Bretons on the Icelandic or Grund | 
Banks. 

In contrast with merchandising, there is searcely any manufactur- 
ing in the European sense. The waterworks, the electric plant, a | 
brewery for beer and soft drinks, two refrigerating plants, and o | 


laundry make up the list, All stand near the north end of the harbor, 
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adjacent to the coal park, on level land between railroad and water 
front. Small stone quarries and a brickkiln provide building material 
as needed, 

Most of the manufacturing is lLundicraft, Dressmakine with tho 
nid of American sewing muchines occupies hundreds of men (no 
women). Carpenters make furniture for loca) use out of the handsome 
African cabinet woods. Marabouts contrive amulets, A few jewelers 
still fushion the flagree ornaments prived by the women. Competi- 
tion by machine-made goods from Europe has-all but driven ont the 
weaving, dyeing, basketmaking, tanning, and steelwork that flourished 
before the first World War, utilizing native materials to eatiefy native 
needs. Some 8,000 men gain ow livelihood from manufacturing and 

Race stereration und the clustering of business huve set up a diurnal 
rhythm of movement, on foot and in a fleet of nondescript motor 
vehicles that ply ne busses. Market folk bring in their prodace before 
dawn. In the cool of the early morning a tide of worlomen and 
domestics (sll male) from African suburbs and villnges farther afield 
flows into the port, the factory district, the artisans’ atrevt, and the 
European homes. Clerks in the offices scatter through the commercial 
and official sections, All except the domestics return home about 
& p.m. Oiled mucadam ronds connecting all the villnges, and the 
28 kilometers of principal streets, facilitate this movement. Road 
building has been costly, becanse of shifting sand and the iack of 
laterite, handy road metal in many parts of tropien) Africa. 


Areal differentintion in the port is-even more marked than in the 
city. Except for its political function, Dakar is the creature of its 
port. Tho chief commercial business combines importing and export- 
ing with servicing ships that enll; the marine arsenal, covering 10 
heotares, is the largest factory in town. Both these functions ureatly 
expanded between the two World Ware. 

‘Direct meter-pauge rail connection 1,291 kilometers into the interior 
was made in 1923, Since this date Dakar has handled nearly all the 
varied imports of Senegal and the French Sudan, Exports have 
increased, bit less signally, Aside from peanuts, 76 to 80 percent 
of the commerce of Senegal and the French Sudnn passes through 

The dominant export crop of the hinterland is peanuts, grown in 
the short rainy season and marketed from November until June. Dur- 
ing the early months of each dry season, great heaps of bags and hills 
of unbagved, unshelled nuts accumulate at the peanut ports (pl. 4, 
lower right), taxing their resources. The lesser crops come in at the 











same time. Ports 00 to 120 kilometers upstream at navigati 
on the Southern Rivers are close to the fields; but ships cannot 


therefore call also at the peninsula to complete Inding from ‘etores 
sent down by rail, At Rufisque lighterage subjects the crop to dam- 
age. Kaolack, the only accessible river port on # railroad (a branch 
of the state-owned line), hus the advantage of Dakar in mileage and, 


formerly, also in rates. Since purchase by the state of the Duknr- 
Saint-Louis line in 1092, the rates are proportionate-to the mileage, atic 
Dakar has increased its shipments, Nevertholess, Kaolack continues 
to lead in exports of peanuts, shipping nearly half the crop of the 
western AOF. i 

Recently the North Jutty has been tied to the base of Point Bel Air, 
and dredging have adiled a triangle of 15 hectares with G00 meters of 
harbor front. This land, christened “Poanut Plain,” is served by rails. 
Ships can be loaded alongside, as well a3 in midl-horbor. Peanuts are 
londed by hand, because the bull of the crop arrives in bags. These 
facilities have freed the older port for general business, A half mole 
has hoon affixed to the Sonth Jetty, increasing wharfage in that section. 

The first business of the port is feeling ships in tranatt. This is now 
handled alongside and by lighters just inside the North Jetty. Coal 
is brought by ships from Europe coming for peanuts, and the coaling 
mole and basin, equipped with cranes and pontoon derricks, are next 
to the area where peanuts are loaded. Diesel and oil-burning ships 
have caused coal imports to fall off and petroleum to rise more than 
correspondingly. The end of the jetty is piped for petroleum, which 
isalse available by lighter, During the rainy season, business with the 
hinterland ebhs—exports practically conse. At this seison the backlog 
of shipping in transit keeps the port going, To increase the business, 
the harbor -has been continuously dredged deeper since 1924. The 
fueling area is now 514 fathoms deep; alongside same moles are 5 
fathoms of water, at others 444. 

Iecent port:statistics for Dakar are not available. About 1933 or 
1924 more than.a million tons of merchandise (exclusive of bunkernge 
fuel) was carried on 2.250 ships. Passengers numbered 15,100 en- 
tering and leaving. ‘The chief commodities imported were petroleum 
and coal, 612,000 tons and 213,000 tons respectively. (ineloding bunk- 
erage); in foodstuffs, rice led with 16,000 tons, followed by wheat, 
sugar, and. wines. Of exporta, peanuts were far in the lead with 
210,000 metric tons, fallowed by gum arabic (4,000 tons) and sisal. 





THE “AFRICAN GIMBALTAR” 


The improvements have increased the value of the port as a naval 
base, particularly for submarines, In 1938 work was set afoot to make 





full londs beentise of shallow bars across the river mouths, They must 
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a stution of the first class, So vigorously was it prosecuted that it was 
nearing conspletion when the war broke out. The submarine base has 
been improved. A floating dock supplements the fixed dry dock. 
Storage for petroleum has heen enlarged by huilding concealed tunks,™ 

Still mare ambitious has been the construction of an outer roads by 
building « new jetty, 2,400 meters long, southeast ward from Dular 
Point. It extends into 8 fathoms of water and provides anchorage 
calm enough for large ships, particularly war vessels. Craft of 35,000 
tons can ride there out of reach of tornadoes, thongh not well pro- 
tected fram the choppy waves of the dry season. Since the outbreak 
of hostilities the entrance to the anchorage and harbor has been closed 
«ith a boom. Fifteen kilometers of meter-gauge raila and six Inlo- 
meters of roads serve the port. 

Associated with naval expansion has been reinforcement of the land 
fortifications on Gorée, Point Bel Air, and Cape Manuel. ‘Warehouses 
on the Peanut Plain and a seaplane port in Hann Cove under Bel Air 
Point can be used for warplanes, supplementing the naval and land 
defense. The place is now a stronghold; it has been enlled “the 
African Gibraltar.” | 


A WORLD FOCUS 


Dakar owes ite cosmopolitan character to ite function as 1 contact 
point, Location makes ita convenient port of call for all ships plying 

etwoon the North and the South Atlantic, except those in the Ameri- 
can coasting traffic. Besides French lines in the South American and 
West African trade, one connecting France and Morocco has extended 
its snilings from Cassblanca to Dakar, twice as far from the home 
port, (Mureeilles and Bordeaux are the French termini,)"* Adlehips 
plying regularly past the Cape call, and many tramps find it a good 
place to drop coal or pick up peanuts. 

Lwestion at one end of the waist of the Atlantic has led to the 
creation of » powerful naval base. For the same reason Dakar is 
the point of departure for the oldest transatlantic air line, A weekly 
postal plane links Paris and Rio de Janeiro, each of which is about 
48 hours from Dakar, Two fields are used: for seaplanes crossing: 
the ocean, at Hann Cove with facilities on Pomt Bel Air; for land 
planes in the European traffic, on level land near Ounkam, Dakar 
is likewise the terminus of un air route that traverses the length of 
the Sudan. 

Incidental to its world-wide sea and air routes, the place has been 
linked by cable to Brazil, to the Guinea const of Africa, and to Brest, 








Terman Hockel, Dukar, das Zentrom der eceatratezisches Btellong Frankre!che ar 
Mittleren Atlantik. Zeltschr. Goopolittt, val. 1T, pi, 419-4260, 1040, 

@ For a list of lines calling regularly at Dekar ee Charles Mores, Dakar. Ann. Oe 
O4ner.. vol. 45, pp. OOT-431, reference on pp. 612-015, 1006. 
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France. A radio station at the edge of Médina is the wireless nexus 
between French West Africa and the outside world. | 
Dakar was selected to be capital of the AOF because it had the 
harbor with preatest possibilities in the part of the colony nearest 
to France by sea and because the peninsular climate is drier and 
more tempered by sea breezes than that of any competitive port. 
As capital, it was made the anteroom and outlet for the extensive 
hinterland of the open Sudan, a country easily traversed throughout 





the dry season and favorable to low-cost rnilrond construction and. 


maintenance. For passengers there is daily rail service to Saint- 
Louis: ani] semiweekly trains with sleepers to Bamuko, near the 
interior end of the line Not many rounds passable during the rains 
have been built; but dry-weather roads penetrate all the back country: 


and make connection with every one of the constituent colonies of 


the AOF. Dakar is the ganglion of 25,000 kilometers of telegraph 
and telephone wire, reaching to the far parts of its territory. 

The recent rise of a city in a district hitherto sparsely settled and 
rural has brought in a diverse population, which is not yet amalga- 
mated. Africans mingle with Europeans on the streets and speak 
French when neceseury but preserve their native language and drese 
and perhaps return home seasonally or to end their days. Syrians 
and North Africans bring their families but plan to return when they 
have made a eompetence. They are not fully accepted in the Euro- 
pean society and hold themselves somewhat aloof fram the indigenes. 
The Europeans are still less rooted. It is the French way to create 
the semblance of a Muropean city (one which happens to have much 
the flavor of a previncial capital in Franco), When the working 
day is over, the white population forgathers ot the eafés, on the 
business streets, and in the spacious and airy holel dining rooms. 
Dining in public is even more usual than in Paris. A cabaret m the 
most fashionable hotel offers entertainment by actors and. singers 
from Paris. A weekly newspaper carries the local nows. In reality, 
the resemblance to European life is superficial, All Europeans come 
out for “tours of duty” lnsting from 2 to 4 years. After o long 
holiday in France, they may or may not return to Dakar, On retire- 
iment they return “home” to end their days. Few of the younger 
men are married, The wives of the others ofien spend the ramy 





season in France, Many families leave their childrm in Europe, 
though the gamut of public education up to the university ts ayail- 


shie in Dakar, alone among West African stations. Of tha out- 
landers 65 percent. are men, 25 percent womon, and 10 percent 
children, 

The roots of a large part of the populace, of whatever color, are 
thrust in soil outside the Cape Verde Peninsula, In the spiritual as 
well aa in the geographic sense, Dakar is a port of call. 
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